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INTRODUCTION 


Speoialisation in science is the natural accompaniment of increased activity in research, 
and this specialisation demands an ever-growing number of special treatises or monographs, 
which in time wiU, no doubt, entirely supersede the advanced text-book. Although we have 
been somewhat tardy in this country in adopting this form of scientific literature, we are rapidly 
making up for lost time. 

There is no branch of organic chemistry upon which research has been so concentrated 
or which has assumed such far-reaching importance as that relating to the nitrogen compounds ; 
indeed the separation of Organic Chemistry, or compounds of carbon, from what (for want of 
a better name) might be termed Azotic Ohemisfry, or compounds of nitrogen, might be seriously 
contemplated. Be that as it may, there is no do^bt that a book of easy reference contaimng 
a complete list of such substances is now greatly in demand. 

Mr. Holhns in the present monograph has confined himself to what is undoubtedly the more 
important group of ring-compounds of nitrogen, and has obviously spared no trouble in 
collecting and arranging this large mass of material. I have fittle doubt that the care he has 
bestowedsupon it will be appreciated by a large number of chemists. 

J. B. Cohen. 


September 1924. 
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This book provides a survey of the methods by which cyclic compounds containing a single 
hetero-atom (nitrogen) have been prepared. It is intended to supply, within the limits indicated 
in the title, complete answers to the questions : What methods are available for the synthesis 
of a substance of a given type ? and What compounds of that type have been synthesised ? 

The heterocyclic division has been chosen for its intrinsic interest and increasing technical 
importance. The further limitation to rings containing one nitrogen atom has enabled a 
complete survey to be made in a book of moderate size. 

The book is divided into twelve chapters, in each of which the various synthetic reactions 
are discussed in separate sections arranged according to the type of ring-closure involved. 
Hydrogenated and non-hydrogenated derivatives are considered together in the same section if 
the methods of synthesis are of the same type. Similarly, naphtho- and benzo-derivatives are 
not given separate treatment unless they are prepared by fundamentally different methods. 
It has not been deemed necessary to distinguish between ketonic and enolio isomerides, and 
such compounds as isatin are written indifferently as lactams or lactims. An introductory 
section summarises each chapter and is intended as a guide both to the arrangement of the 
sections and to the selection of methods available for each type of derivative. 

Yields are given wherever possible, but practical details are merely indicated, for no abstract 
can take the place of the original paper. Standard methods of preparation are appropriately 
found in laboratory text-books, but the research chemist, whether industrial or purely academic, 
must always obtain practical details at first hand from the original papers. The references to 
i ournals and patents are carried to December 31st, 1923. 

Considerable attention has been given to the patent literature. It is well known, of course, 
that not all processes claimed in patents will give the results stated. On the other hand, 
numerous useful reactions are to be found in patent specifications which have never been the 
subject of communications to chemical journals. Moreover, even a patented process which 
fails to give the results claimed may prove exceedingly suggestive. Patent references are in 
most cases to German patents (D.R.-P.), since these are readily accessible in Priedlander s 
Fortschritte and Winther’s Patente der Organischen Chemie. 

The limitations of a more or less general reaction are usually as interesting and important 
as its applications. Unsuccessful as well as successful attempts to extend synthetic reactions 
have therefore been included. 

The indexes will, it is hoped, be found especially useful. The subject of each Author refer- 
ence is indicated by inserting the chapter number before the page number. To have included 
every substance mentioned in the book would have made the Subject Index too long to be 
useful. The Lexicon of Richter and Stelzner is the proper place to look for names of individual 
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substances, and tbe aim here has been, rather to index the type of compound. Thus the pyrrole 
derivatives will be found under such headings pyrroles, pyrrolines, pyrrolidines, pyrrolidones, 
succinimides, etc, Individual substances are indexed (a) in cases where the reaction is not 
general, (6) when they have a special interest of their own (e.g. hydrastinine, atophan, proline), 
(c) where their relation to the sectional heading is not immediately obvious (as, for example, in 
the case of the various heterocyolics obtained by Mumm from phenyl- and methyl-wooxazoles). 
The author is greatly indebted to Mr. A. Davidson, B.Sc., for his assistance in revising 
the proofs. 

Ceoil Hollins. 


Manchestee, 
September, 1924. 
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RING COMPOOTDS 


Introductory : 


CHAPTER I 

^ X 

DIMETHYLENEIMINES, 


m' —M ia 1. 


•'( "o v , 

& A I 


COMP^ATIVELY little work kas been doneon the preparation of three- and four-membered 
rings containing an atom of nitrogen : 


|>N 


and 


c< 2 >n. 


Dimethyleneimine is not obtainable by the distillation of ethylenediamine hydrochloride, as 
Ladenburg first supposed/ though this method is generally applicable to higher ring compounds. 
The product in this case is piperazine : 

2NH,-CH,-CHj-ra2 — ^ 

Two general methods are available for the preparation of dimethyleneimines— G-abriel’s 
“ vinylamine ” synthesis by the action of alkali upon ^-aminoethyl halides, and Wolff's method 
by the elimination of nitrogen from triazoles and triazolines. In addition, the difficultly 
accessible oxalimide has been described, and de Booser^ assigns a dimethyleneimine structure 
to the product of the action of EtMgBr upon a-ohlorobutyronitrile. 

The thxee-ring formulae originally given to the condensation products from hippuxic acid 
and a variety of aldehydes (also certain ketones) in the presence of acetic acid and anhydride- 
were abandoned in favour of an oxazolone structure.^ 




ArCH:C<V^ 

N-COPh 

(I.) Old formula. 


ArCH:C<; 


co- 

’N=: 


■9 

:CPh 


(II.) Oxazole formula. 


Recently, however, Heller and Lauth ^ have brought forward arguments for the old three-ring 
structure. The compounds add on NgH^ in the cold, forming 2-hydrazino-oxazolidones. Now 
the addition of N 2 H 4 at the double bond in a compound of type 11 is inadmissible, and Heller 
accordingly figures the reaction as follows ^ 


ArCH:C<9^^^^, 

N-COPh 




ArCH:0<SP 

N— 


OH 

-bPh-NH-NHg. 


ArCH:C< 


CO— 0 

NH-cSPh-NH-NHg' 


The same arguments are used in the case of the products obtained by Mohr ^ by the action of 
acetic anhydride upon the benzoyl derivatives of alanine, phenylalanine and aminoisobutyric 
acid. These form hydrazino-oxazolidones by addition of N 2 H 4 and are therefore formulated : 




PhCH,CH4«^p^ 




^ Ladenburg and Abel, Ber., 1888, 21, 758. 

2 Erlenmeyer, ibid., 1900, 33, 2036; Ann., 1904, 337, 265. 

3 Ber., 1919, 62, 2300. * J. fr. QUm., 1910, 81, 66. 
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■m ^ ‘ 

Tlie hydrazide (III) was synthesised and foimd to differ completely from the N2H4 additive 
product (IV) : 

'OT-COPh “ ^NH-CPh-NH*NHa 

(III.) (IV.) 




In the absence of further evidence, however, it is convenient to consider these compounds as 
oxazole derivatives. 


CBr 

1. From aminoethyl halides : 

jS-Bromoethylamine was prepared by Gabriel ^ by the phthalimide method from ethylene 
dibromide. It is converted by boiling water or alkali into “ vinylamine ” ^ : 

BrOHj-CHa-NHa CHjrOH'lIHa. 

The product, however, gives by the Hinsberg method a benzenesulphonamide which is insoluble 
in alkali.^ It is therefore most probably a secondary amine * and has a cyclic structure — 
dimethyleneimine ; 


It does not decolorise KMn04, and its physical properties also are in accordance with the cyclic 
formula.* 

The methyl homologue, obtained from bromopropylamine,® behaves in the same way, and 
must be regarded, not as MeCH.’CH’lSrHa, but as 



“®'9 h->nh. 

t/Jij 


Phenyldimethylene imi ne has been prepared both firom )?-phenyl-^-chloroethylamine,® 

Ph-OHOl 

J yNHo,HCl 
CHX 


Ph*CH-v 






and from a-phenyl-j8-chloroethylamine : 


1 Mr., 1888, 21, 666, 1049. ® Gabriel, tbU., pp. 1049, 2664; Gabriel and Stelzner, ibid., 1896, 28, 2929. 

■ Howard and Marokwald, 1899, 82, 2036. 

* Marokwald, ibid., 1900, 83, 764; 1901, 84, 3644. 

» Hirscb, ibid., 1890, 28, 969; Gabriel and Hirsch, ibid., 1896, 29, 2747; BQse, ibid., 1920, 58, 2000. 

• Wolfbeim. ibid.. 1914. 47. 1460. 7 Gabriel and Colman, HM., 1914, 47, 1866. 


Wolfheim, ibid., 1914, 47, 1460. 

• It skonld be noted that oamphenamine, CgHi 4 <^lj^ 
(Buden, ibid., 1900, 33, 477). 


/C-lWra 


H 


also fails to give an alkali -soluble sulpbonamide 
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pil-c:noh 

u. 


HgOH 


Ph-CH-NH, 


)E^OR 


Pli-CH 




Pli*0H- 


3H,C1 


k/ 


Nnh. 


Tte identity of the products by the two methods is a satisfactory proof of their cyclic structure, 
for the correspondiag vinylamines would be : 


Ph-OHICH-NHa and CHarCPh-NHa. 


iV-Substituted dimethyleneimines are obtained from secondary halogenated ethylamines. 
Thus : ^ 


CHaCl 

I /NHMe 

ce/ 



The iV-benzyl derivative was prepared by Gabriel and Stelzner.* 

In aU these cases the dimethyleneimine is accompanied by large quantities of the corre- 
sponding piperazine, 


E1T< 


CHa-GH 

CHa-CH 


2>NR. 

2 




Sabanejev’s base, formed in 16-20% yield by condensing tetrabromoethane or trichloro- 
ethylene with aniline,^ has probably a dimethyleneimine structure : 


Cl-CH-Cl , 
Cl-CH-Cl 


3PhNHa 


PhNH-CH. 

PhNH-CH 


>NPh. 


Tetrabromoethylene, aniline, and KOH give the same base in 30% yield.^ Phenyldicarbylamine 
(see next section) is probably an intermediate product. 


2. Preparation of oxalimide ; 

By the oxidation of comenamic acid, 


COOH 

io/™- 


//OH— C-COOH 
OH-Cf , 

\n=CH 




with NaOs in glacial acetic acid at 0°, Ost and Mente ® obtained, amongst other products, a 


1 Knorr, Horlein and Eeith, Ber., 1905, 38, 3137. ^ Ibid., 1896, 29, 2384. 

• Sabauejev, Ann., 1376, 178, 125. * Idem, ZerUr., 1902, ii, 121. « Ber., 1886, 19, 3228. 
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small amount of oxalimide. This was also formed in. 3% yield wlien oxamic acid was heated 
at 80-^90° with, a mixture of PCls and POCI 3 : 


COOH 

COONH 4 


COOH 
GO-NHa 
(16% yield.) 


(3% yield.) 


PgOg or heat alone did not bring about the reaction. 

Sabanejev/ by the condensation of tri- or tetra-bromoethylene with aniline in the presence 
of KOH and sulphur, obtained “ phenyldicarbylamine,” CaNPh, which was converted by oxida- 
tion into oxanil : 


d- NHgPh 


(») 


The corresponding dithio-oxanil is a product of the original reaction. 


3. From a-chloronitriles and Grignard reagents : 




de Booser4 2 has recently described the formation of triethyl-dimethyleneimine by the 
action of two molecular proportions of ethyl magnesium bromide upon a-chlorobutyronitrile. 
The product might result in any of several ways, the most probable course of the reaction 
being : 

Et-CHCl Et-(]HEt . EtjC-^^^ 

C:N Et-C!:NH Et-OH^ 


Et-OH 


4. From triazole derivatives : 


= L-/' 


Just as ci/clopropanes are formed by the decomposition of pyrazolines (Buchner reaction), 
so Wolff ^ has obtained dimethyleneimine derivatives by heating triazohnes at 130° : 


CHg— N 
Ph-(^H 11 




Triazoles lose nitrogen at a higher temperature : 


1 Zentr,, 1902, ii, 121, 


* Bull. Soc. cTiim. Belg., 1923, 82, 26, 


» Am., 1913, 894, 29, 
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CH—N 

Me-i! |[ 

\/ 

mh 


CH 


.ijJ 


Me' 


■WBh + No. 


BENZODIMETHYLENEIMINES 

Tlie only examples of tins type of cyclic compound are tlie ly^-aniline and y~xylidine prepared 
by Curtius and Schmidt ^ by the action of the diazide of sulphuric acid upon benzene and 
p-xylene respectively ; 

Nj-SOj-rr, + 1^'^ — > f^^>N-S02-N<j^^ — > 

4 <■ Aniline, 


%y 

p-Xylene gives the compound : 


Me 

c 


NH. 


Me 

4’Xylidine, 

An attempt to synthesise yj-aniline by removal of hydrogen atoms from hexamethyleneimine 
was unsuccessful : 


CH^ 

/\ 

OH, CH, 

6h CH >NH 

\/ 

CH, 


Hexamethyleneimine. 

1 J?cr., 1922, 66, 1671, 1584, 


CH 

\h 

4 -Aniline. 


< 


CHAPTER n 


TRIMETHYLENEIMINES, \NH 

•**2 

Introductory : 

The three general methods for the preparation of cyclic compounds of the type 

C<®>N 

a-re as follows : 

(I) Distillation of the appropriate diamine hydrochloride, 

(II) Action of alkali upon y-aminopropyl halides, 

(III) Addition of ketens to isocyanates or to Schiff’s bases. 

No attempt has so far been made to obtain trimethyleneimine from Gabriel’s spro-corhpound 
24) by the method successfully used by v. Braun for pyrrolidine (p. 66). The reaction might 
■jbe expected to proceed in the following manner : 


/CHav /CHa-CHav 

ChZ \cH, 


+NH, 


-> CH 


2\ 




CH, 


CHa-CHa 


NH-CH,-CH 


)>0H, 


distil yCR^s. /CHa-CHav 

A trimethyleneimine structure has been assigned to Nef’s trimeric benzoyl cyanide^ by 
Diels and Stein.® This compound is prepared by the action of silver cyanide upon benzoyl 
bromide in ether solution (the chloride at 220° gives the ordinary monomolecular PhCO'CN), 
and seepB^ to have the formula : 

::OPh 


PhCO-N=:0/ 

N-COPh 


1. From trlmethylenediamines : 

The distillation of trimethylenediamine hydrochloride results in the formation of a smaU 
amount of trimethyleneimine ® : 


.CH,-NH, -NH, 


^^2<CH2-NH2 




>s]y 


THe main primary product is, however, an eight-membered ring compound which by further 
d.ecomposition yields /S-picohne : 


/CHa-CHa-CHav 

nh/ '\ijh 

\CHa-CH2*CHa/ 

1 Ann., 1896, 287, 303. » ^er., 1907, 40, 1655. 


^CH— CH=0H 

W / + NHg + 4R. 

\CH=C-C)H3 
P-PicoUne. 

3 Ladenburg and Sieber, ibid., 1890, 23, 2727. 


FROM y-AMINOPROPYL HALIDES 23 

Balbiano ^ bad previously prepared tbe N-’ph.en.yl derivative from y-aminopropylaniliiie : 

.CHa-NHa nTT^OHa. ™ 

CH2<cHa.NHPli ^ CH2 <qj^2>nP]i. 

The phenyl and o-tolyl compounds result from the distillation of 

^^2<cH2-NHir (^r = Ph or 0-C7H7), 
aniline and o-toluidine respectively being eliminated.^ 


/CX 

2. From y-aminopropyl halides : C< /NH 

y-Bromopropylamine hydrobromide, prepared by the phthalimide method from trimethylene 
dibromide, loses 2 HBr when treated with alkali and forms trimethyleneimine ® : 


/CHoBr 

CH / /NH2,HBr > 

\ch/ 


CHaC >NH. 
\CH/ 


*■2 

The 2 : 2 : 4 -trimethyl derivative is prepared from diacetonamine * 


CH^ 


COMe 
^\cMe,*NHo 




/CHMe-OH 
CH2< 

^CMea-NHg 


msr 


> or/ 


.CHMeBr 


KOHJ 


‘\CMeoNHo 


JJHMb. 

> /NH. 


The dibromide of allylamine gives with 40 % NaOH two products, I and II, the first of 
which is converted into the interesting compound C3H3N (III), when^warmed with sodium ® 5 


/CHaBr 

BrCH< /NHj 

\ch/ 


/GHBr. /UJUtir. ,UJtlJtJrv 

BrC/ >NH,HBr -f- CH/ >CH 


CHBr. 


.CHBrv 


(I.) 

ch/Nn. 

\qE^ 

(III.) 


(II.) 


Products I and II are evidently the result of complex reactions involving the removal of Big 
as well as HBr, and further interaction with the hypobromite so formed. 

1 R. A. L., 1888, [iv], 4, ii, 44. 2 Scholtz, Per., 1899, 82, 2264. 

» Gabriel and Weiner, iUd., 1888, 21, 2675. 

« Kaban, iUd., 1897, 30, 1318; Kohn, Ann., 1907, 351, 137. 

6 Abderbalden and Paquin, Per., 1920, 53, 1125. 
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A tiimethyleneiminesulphoiiic acid was prepared by Gabriel and Colman ^ from 
bromometbyltaurin ; 

S 03 H-CH<^® 2 Brj^^ S03H-CH<^^p>NH. 

Trimethyleneimine itself is conveniently obtained by tbe method of Howard and 
Marckwald^ from trimetbylene dibromide and p-toluenesulpbonamide, tbe toluenesulpbonyl 
group being removed by reduction with sodium and amyl alcohol : 


OsHeBra + NHa-SOaC^H, 


«>NH + C,H,SOjH. 


A spiro-derivative containing a four-membered ring was prepared by Gabriel and Stelzner ^ : 


.CHa. /CHa-CHa. 
CHa< \N< \CH 

\CHaCl \CHa*CHa/ 


^CHa/^^CHa-OHa/ 


.CO 

3. From ketens ; + .NPh 

The addition of ketens to phenylcarbimide and to Schiff’s bases has been investigated by 
Staudinger. The products are derivatives of trimethyleneimine. Thus ^ : 

COv 

-> Pli 2 C<^ ^NPh (20% yield). 


Formation of the isomeride 


OOC^^^NPh 


has not been ohserved, but in tbe case oi Sehift's bates addition may oocui in either way 
^cortog to ae t^peratee. _ Staudinger' found that ethyUretenoaiboxybo ester combines 

At 180”, tbe isomeric cc-keto- 

™^i3^formed. Tbe ^-compound may be conyerted into tbe a-isomeride by beating in mom 


COOEt-OEt:CO + PhCH:NPh 



co< 


CHPh- 


>NPh 


'CEt(COOEt)' 

1^200* 

COOEfCEK^H^NPb 


^ Ber., 1906, 39, 2891. 

® S?2^384?fet,^owS-ef ' HSrie/n Ind TC Marckwald, m., 1899, 82, 2032. 

and Oolman, ibid., p. 2826 ^ Kneisel, tbtd., 1906, 39, 1429, and the reply by Gabriei 

‘ staudinger, Gotaing. and SoMUer, <Mi, 1914, 47, 46. . M., 1917, 60. 1036. 
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The a-keto-imine is evidentty the more stable isomeride and is the nsnal product of the action 
product benzalaniline gives only a 27% yield of additive 


CHjIOO + PhCHiNPh — 


CH2<®^£b>NPh. 


Phenylketencarboxylic metliyl ester reacts similarly, forming 

COOMe-CP]i<^^_^>NPh. 

Ketendicarboxylic ester, CO:C(COOEt) 2 , fads to react with benzalaniHne, but tbe dimeride of 
campboketen giyes at 160-160° the sp^ro-compound i : meride of 

'sHi. ^ OHPh 
_>C<p^ >NPk 


Bemophenone-aml, PhaCINPh, does not react so smoothly as benzalaniline. The product 
from ketendicarbo^ho ester qmoHy breaks down into benzophenone and the diester-mono- • 
amhde of methanetricarboxylic acid ^ : 


PhoO, 

(C00Et)20.s + 
^00 




(COOEt), 


CPhr 


\c'o— / 


(COOEt)2CH-CO-OTPh + PhaCO. 


No foim-membered ring compound is obtained from benzophenoneanil and phenylketencarboxyHc 
ester, the product bemg a piperidine derivative (see p. 226). 


4. From alkylated acetoacetic esters : 

CO’R ® 

Although ^-amnocrotonio ester shows no tendency to anhydrise. Kipping and Perkin ^ 
assigned a four-ring structure to the product they obtained by the action of alcoholic NHo 
upon a : e-diacetylcapronic ester :• ^ 


vCOOEt NH, 

MeC0'[CH2]4-CH< — > 

^COMe 


/COOEt 


,CO- 


MeCO-ECHaVC/ " 

^CMe/ 


5. From glutaric nitrile : 


yCN 

<0/ 


NH 


A curious reaction leading to the formation of a trimethyleneimine derivative has recently 


1 Staudinger and Schotz, jSer., 1920, 53, 1123. 
® /. C. S., 1889, 65, 339. 


* Staudinger, iUd., 1917, 50, 1041. 
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been recorded by Bruylants.^ Grlutario nitrile reacts with Grignard reagents in the form 
NHIC.'CH'CHg'CHa'CN’, and when the product is treated with water (in the absence of acid) a 
compound, CioHiiONa, is obtained, to which Bruylants assigns the structure: 




./CO. 


•CHg'CHa’CHv^^^NH or less probably CN'CHa'OHg'OH^^ 

II V 

/^T-TT /NTT /NTT /N*»T 


CH*CH„-CH,CN 


CH2CH,CH,CN. 


Either substance might result from the dimerisation of the regenerated nitrile, followed by 
hydrolysis : 

yON MN .GN 

CNCSfiE,cE(^ym -> ciioh,ch,ch/ or cnoHjCh^ch/ ym 

CHOHjOH^CN '(!iHOH.OH,CN Wh^OH.ON 


NH NH 

c c* 

E-Ch/^\nH or R-CH<^ ^ 
CH-R ^Ha-R 


M /CO. 

R*CH(^^^NH or R-CH(^ 

Cfn-R ^Ha'R 


(R = -CHa-CHa-CN.) 


or^^-BENZYLENEIMINES 

The preparation of compounds of the type subject of a number 

of investigations.2 As, however, the products from o-, m- and ^?-compounds are very 
to one another, the simple ring-structure is scarcely probable, and they must be regarded as 
polymerides of 

Interesting results were obtained by Orlov,^ who condensed sodioformanilide with formalin 
and obtained a quantitative yield of A'-methylol-o-benzyleneimine : 

Ph-NKa-CHO + HCHO ^ 

““S'®*'™ me%lol group to the free 
9HjOH 

A-N-CH,0H A~NH 

1 2!efi^r., 1921, iii, 1349. 

KM’ 

1650; Lob, ibid.. 1898 SI 90 <i 7 . 9 : f win i ’ .i*’ rniele and Weil, 

1900, H 284; BaiCrUu^.S,' 
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Exactly similar products were prepared from other arylamines, namely : sulphanilic acid, 
p-nitroaniline, ^j-anisidine, p-toluidine, a- and /9-naphthylamines, naphthionic acid, and 4 : 4^di- 
ammo^phenylmethane. Tartaric acid or citric acid may replace formic acid. In this case, 
the acid and formalin are first heated together in a closed vessel and the aniline is added after 
cooling. The product has the formula : 

4CeH4<g^,3H20. 

This method may be employed also with o-anisidine and o-toluidine.^ 

Although Heller has brought weighty arguments in favour of the (benzo-)- 
om-ring structure (I) for the^ acylanthranils,^ his conclusions are not yet generally accepted. 
Xhe alternative formula (II) is still preferred by many chemists, and the acylanthranils will 
therefore not be considered here. 

(!•) (IL) 

* Nastjukov and Kronenberg, ibid., p. 1271. 


CHAPTER m 


PYRROLES, 


Introductory : 

The majority of pyrrole syntheses are reactions involving ring-closure between the nitrogen 
atom and the a-oarbon * 




+ HX, 


ra 


V 


wteie X represents a negative group or element-usuaUy -OH or halogen (sections 1-12) 
-Reactions of this tj^e have been used for the synthms of fynoka (sects, 1. 2, 3, 9), mm-olinej 
(sects. 2, 12), pyrroUdines (sects. 2, 8, 10, 11, 12), pyrrolmonea (sect. 2), pprokmm (sects. 2 4 7 
11), pyrrolddones (sects. 4, 7, 8), diketopyrroUdinea (sects. 4, 6), and sucdnimidm and 
(sect. 6). The most important are the Paal-Knorr synthesis from y-diketones (sect. 1) and the 
similar sjmthesis from y-aminoketones (sect. 2), both of which have been used for a large variety 
of pyrrole derivatives; and WmstStter’s method from 1 : 4-dihalides (sect 12) ^ ^ 

_ LSffler’s synthesis (sect 13) is of similar type, the X and the H in the above schema being 
kJISip '^68)^'' mterestmg apphcation of this method has recently been described ^ 

«"’"P 

In a second group of pyrrole syntheses the ting is closed in the S-y position • 

kuom Knorr synthesis (sect. 16) and its modifications belong to this eroun 

The Pfioty-Robinson method (sect. 23), in vrhioh ring-closure is brought about by removal 
of two hydrogen atoms, is a special ease of this typo of synthesis ** ^ ” ™ 

aosme of the pyrrole ring in the a/S-poeition (sects. 24, 2B, 28) occurs in onlv a few o«»«» 
and has led to no important general method. The products mav be vurmhu, i^t 
(sect. 26), iiketopyrroUfm (sect. 24) or dihetopynoUdinea (sSs) ^ 

■ A few metlioik of a misoellaneous type, are described in ewitions 27-32. inoludine a curious 
pymle synthesis by addition (sect. 27), the conversion of pyridarines and pyritoSto 

methods'^tZh ^ 


1. From y-diketones and ammonia or amines; 


Cs^ CO*R 

rn-L T> 7 xr NH 

has betn W rh^^atry .“a tr'’™ ” 

iinorr, Ber.. 1886, 18, 302, Ann., 1886 236, 200; Paal, Her., 1886, 18, 367, 2261. 
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di-enol may be used with ammonia, though not all primary amines are suitable. ..The int^- 
mediate y-aminoketone may in some cases be isolated by performing the roaciiion ;in dry rejlihey 


IWfH— CHR 
ECO COR 


R-C 9HR 

R-C.^ CO-R 


R-0 

R-'d 




+ NHg NHg 

Borsche and Eels ^ isolated the intermediates 




"L Li 


OH— CH-COOBt 
Ph-dv^ CO-Me 


and 


CH— CH-COOEt 
Me-dv^ CO-Ph 

NHg 


and showed that, according to the conditions, these could be converted into pyrroles (I) 
pyrrolones (II) or c?/cZopentenones (III) : ’ 


CH— C-COOEt 
R-C^^d-R' 

mi 

(I.) 


CH 

_ I I 

R-C 


\/ 

NH 


CH-COR' 

CO 


Ph 






-CH, 


:CH 


.2>CO. 


(ID 


(in.) 


Pyrrole itself was obtained by Harries ^ by the action of ammonia upon a solution of succin- 
dialdehyde in ether and alcohol. The dialdehyde is prepared from pyrrole by treatment with 
NHgOH, followed by hydrolysis of the dioxime so formed. 

Primary amines usuaUy react as easily as ammonia. Thus in Willstatter and PfannenstiePs 
synthesis of ecgonin ^ the first step was the preparation of l-methylpyrrole-2 : 5-diacetic ester 
from methylamine and suocinyldiaoetio ester : 


9H- 

COOEt-CHa-CO OO-CHa-COOEt 
+ NHgMe 


CH — CH 

COOEt-CHa-d^^d-CHa-COOEt. 

Me 


Phenacylacetoacetic ester has been condensed with a variety of amines by Lederer and 
Paal ® : 

(j^Ha— C^H-COOEt CH— C-COOEt 

Ph-CO (^ 0 -Me Ph-d’ .d-Me 

+ NHaR NR 

(R = H, Me, C3H5, Ph, 0 - and P-C7H7, a- and p-CjoHy.) 

Of the three nitroanihnes ® the best yields are given by the meta (70%) and para (56°/ ) 
compounds, only little pyrrole derivative being obtained from the ortho compoW. Acid 
"amides do not appear to react in the desired direction, and sulphanilic acid also fails. ^ 

The corresponding phenacylbenzoylacetic ester is unsuitable for condensation with ahphatic 

1 Knorr and Rabe, Ber.^ 1902, 35, 3801 ; Borsch©, ibid., 1906, 39, 1922, 3877 
® lbid.,v- 3877. 3 jgQj 

* Ann.,xQ21, 422, 14; D.R.-PP. 344031, 346759, 346890. ® Ber. 1885 18 2591 

« Borsch© and Titsingh, ibidf^' 1907, 40, 6011. ^ ^ Paal, Bissn. Wiirzburg, 1890, p. 164. 

I . ’ ’ ’ 


5^1 
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PYRROLES 


amine s, no pyrrole being obtained with ethylamine, allylamine, ethylenediamine or glycine. 
Somatic amines, on the other hand, give good results ^ with the exception of w-aminobenzoio 
acid. 

Schmidt and Schall,*^ startiug from amino- and diamino-diphenio acids, have prepared 
pyrrole derivatives of very high molecular weight ; 


GOOH 



CWH 


+ 2 


COOEt-OH- 
Me-CO 


COOEt 

■Me 


GOOH 

^^GMelG-COOBt 
"^OMe:0*COOEt ro|. 

]^<^CMe:C*COOBt 
/ GMe:0'COOBt 
GOOH 


tri-add 

chloride 


+m-ftm)nobonzolo 

>■ 

add 


GO-NH-GeH4*OOOH 

OMe:C-OOOT-GeH4-COOH 
"^CMe:C*COOBt 



2 _N<CM®-9’C00Et 
CMerC-GOOBt 
H-CflH^-COOH 

This product has a molecular weight of 1048, approaching that of Eischer’s octadecapeptide 
(1213). 

Hydroxylamine reacts with y-diketones in the same way as ammonia, the products being 
i^T-hydroxypyiroles ® : 


GOOEt-CH- 

Me-CO 


COOEt 

Me 


COOEtO' 

Me*b 


-G'COOBt 


-fNHaOH 


V .b-Me 
IrOH 


With hydrazine the reaction becomes more complex, since there may be formed, in addition 
to W-aminopyrroles, pyxidazines and in some cases pyrazolones. Blaise * found that dtpropionyl- 
ethane gives with hydrazine a pyridazine, but with phenylhydrazine and phenylmethylhydrazme 
the iV-amiuopyrroles : 

Bt-C/ ^C-Et. 

nr/ 


Et-CO^CH.-CH,’CO*Et 



/GH-CH. 

Et-C^^^^-Bt. (R 
iilRPh 


H. Me.) 


Smith ® prepared pyridazines by the action of phenylhydrazine upon diketones of the type 


Paal and Braikoff, Per,, 1889, 22, 3086. 

• Knorr, Am., 1886, 288, 296; Ser., 1885, 18, 1669. 
6 J. G. S., 1890, 67, 647; Ann., 1896, 289, 310. 


» Ibid., 1907, 40, 3002, 

* Comfl. rend., 1920, 170, 1324; 171, 34. 




or priiwiry ami»c« : 

IHkdofttt. 

(!:ho <!‘H0 

rn,-ai, 
mJ’Q itJMo 

tloCHMc*, 


1 




Amine, Hefermeeg. 

Anjfnnnl*. 26 

' AtnmtmiK, 15 

»»-Amyjftn»in<'. 43 

Kihylt»tM!*d«««»m<». 10 

TriinHhylf’msdiAmww, 10 

10 

4-AmimHl!|ith*'«icjikrjd. 35 

4 : 4'-Ilmn5iiifKljplM’'rtjc Hfjtl. M 

l*hrnylhyfim?.iiK*. if 

I *V-Amifu»t«*tmjs«K 34 


22 
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Dilcdone, 

CHa— CHa 

J 1 

Amine. 

Beferencea. 

Ammonia, 

28 

MeCO OO-CMeaOH 



CHa-CHa J 

Etcio cl)Et 1 

f Ammonia. 

, Phenylliydrazine. 

[ 40 


^ Phenylmethylhydrazine . 

J 

CHa— CHa 1 

1 1 '\ 

f Ammonia. 

42 

COOEt-CHa-00 CO*OHa-OOOEt ^ 
CHa— CHa 

^ Methylamine. 

41 

Ammonia. 

29 

Me-io dlO-CHaCHaCOOH 

CHa— CH* 

„.L L. 

Ammonia. 

25 


PhCO CO-CHaOHa-COOH 


CHa— CHa 


1 1 

Ammonia. 

2 

PhCO COMe 

CHa— CH. 

1 1 

Ammonia. 

12 

PhCO COPh 

CHa— CH. 

1 1 

Ammonia, 

13 

(p)CaH7-CO 0O-0aH,(2P) 


' Ammonia, 

9 


Methvlamino. 

11 

CHa— CH, 

Ethylamino. 

11 

1 1 

Aniline. 

11 

COOH-OeHa-CO CO-OoHi-COOH 

p-Toluidine. 

11 

{ortho) {ortho) 

Phenylhydrazine. 

31 


Mothylphonylhydrazine. 

31 


^ Benzylphenylhydrazine. 

31 

PhCH— CHa 1 

1 I H 

f Ammonia. 

16, 17, 19 

PhCO OOPh 

Aniline. 

19 

MeCH— CH-COOEt 

1 1 

r Ammonia. 

30 

MeCO COMe 

1 ^ Hydrazine. 

30 


/ Ammonia. 

6, 33 


Methylamine. 

6 


Allylamine. 

6 


Ethylenediamine. 

10 


Glycine. 

10 

CHa— CH-COOEt 

Aniline. 

6 

1 1 . 

0 - and j)-Toluidines. 

6 

PhCO COMe 

a- and /3-Naphthylamines. 

6 


0 -, m- and jj-Nitroandinea 

37 


m-Phenylenediamine. 

10 


w-Aminobenzoic acid. 

10 


Aminoazobenzene. 

10 


> Benzidine. 

10 
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Mkdmt* 

CHr-OH-OO-OEt 


CH,^H*OOOEt 

»io ^ioFfa 


* CX)01tCH-43H*OOOEt 

uJxi ioM« 


COOKt'CH-~€H*COOEfc 

PIjcIo cloFh 

COOEt-CH-CH»OH,»OOOEt 

M»io ioMe 


Amine, 

{ Ammonlft. 

Aniline, 

f Ammonia. 

Aniline. 

0 - wid p-Toluidinaa. 
m-Xylidine. 

a* and ^-Naphtliylamines. 
o*ArainophenoI, 
i. p-Phenylenodiamine, 

/ Ammonia. 

Methylamine. 

Gl^mine. 
j Aniline. 
p-Toluidine, 
a-Naphthylamine. 

1 p-Naphthylamine, 

3-AminO'7-nitro-2-methyI-4-quina2olono, 
4«Aminodiphonio aoid. 

, 4 ; 4'-0iamlnodiph©nio aoid. 
m.Tolylenediamine. 

Hydrox^jdamino. 

Hydraxme. 

j 2 : i-Diohlorophenylhydraxine, 
Mcthylphenylhydraxine. 
i Benaoylhydmxm©. 

I I’henaoetylhydrazm©, 

I p-Tolvlh^ra«onei of meaoxalio hydrazido-eater 
i and dinydrazide. 


M&fereme, 

32, 33 
32 


14 

14 

18 

18 

18 

18 

18 

1, 3, 20, 
1 , 8 
8 
1 
1 
8 
1 

38 
36 
33 

8 

4,8 

27 

39 
8 

27 

27 

30 


24 


Ammonia. 

Phenylhydrazine. 


21 

21 


Ammonia. 


Rffertnces. 

t Kto*****^i 299-304. * Paal, tV/wi,, p. 307. • Knorr, ibid., p. 1368. * Idem ibid 

a 1», • Paal, tbid., p. 2254. * IjtHlt'n>r and Paal, ibul, pp. 2591-2598. ’Knorr ibid 1886 19 48* 

Bwmann, iM.. 1887, 29, 1480. “ Holleinann, »7nVi., p. 3359. »» Idem, & 

m. Kai»f and Paal, Her., 1888. 21. 1491, .3000. X8 Barrett, ibul, p. SIOt! 
» knorr. !«.. I W M. 17(1 ” Wianini and Angtdi. ibid. n. 855. Paal and Braikoff, ibid., pp. SOSO- 
S' im J. pr. C'W. 1894, 50. 508, *1 Knorr and S^ohmidfc, 

^ m 107. KHI. Tiomann ami Semm ler, Her JBU7, 80, 434. Paal and Hirtel, ibU. 

p. Iii5. M Knorr and ItaK ibttl, imi, 83, .3801. *» kehrer, ibid., 1901, 84, 1206. »« Harris 

** »6. 4311-4320. »» Harries, ibid., p. 1180. *» Kehrei? S 

.. - B«»mdM» a«d I«el8, lind., 1900, 89, 1927. ^ Idem, Ml, pp. 3879, 3883. ^ Biilow, 

P* Bolirnidt and Heliall, Ml, l!«)7, 43, .3002. ** Biiluw, ibid,, p. 4329. ^7 Borsche 

«d Iftltingli, iW., ft, 5011. «» Bogert and Klalwr, J. A.C. H., 1908, 80, 807. a® Bulow, Her., 1918, 

t. 7 ^.,, ^ Wilbtiitter and IHmtmmtki, Ann., 1921, 

Wdi»t*tt«r and Boromer, ibtd., p. 23. « Karrer and Bmiraoff, llelv. Chim. Ada, 1922. 
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2. From y-aminoketones or y-ketoamides ; 


-CH 


\ 

NH 


ioR 


Gabriel^ prepared by tbe pbtbaliinide method a series of a-, i 5 -, y-, d- and e-a^oketones. 
In the case of the y- and (5-compoiinds, the free bases could not be isolated, condensation occurring 
at once, sometimes even in acid solution, to give pyrroUnes and tetrabydropyridines respectively. 
a-Propyl- and a-pbenyl-pyrrolines were obtained as follows : - . 


i. C6H4<^Q>N-[0H2]3-CbCl + NaCBt('COOEt)2 
08H4O2:N-[CH2]3*CO-CEt(0OOEt)2 


HOI 


CHa CO-CHaEt 

■ \h2,hci 


NaOH 
^ 


!H 2 -< 3 H 

\/ 


ii. C,H.<TO>^'[CEsV(yCl + CA + AICI3 

-> C8H.0,:N-[CHJ3-C0-Ph 


HOI 


CH2~9H2 
CHg .CO-Ph 

\h2,hci 


NaOH 




iHa—OH 

IHz (i-PK 

\/ 

NH 


Hielscber*^ obtained pyrrolines. by the action of ammonia and .metbylamine Upon y-brorno- 
propyl methyl ketone ® : 


9 H 2 - 

BrGHa OOMe 

+ NH2R 


-9H2-9H2 
eH2 COMe 
\ 

NHR 
(R ^ H or Me.) 


iHg-OH 

Ha CMe 

\/ 

NR 


The reduction of acetonylaoetone ' phenylhydrazone gives aniline^ and 2 : 5 -dimethyl- 
pyrroHne ^ • 


■ 9II2-9H2 

MeC COMe 
•NHPh 


+4H 


- 9H2 
MeCH 

' \h2 


-9H2 ■ 
COMe 


9H2— CH 
MeCH CMe . 

\/ 

NH 


Another method of introducing a y-amino-group is the application of the Streoker amino- 
acid synthesis to y-diketones. Thus acetonylaoetone is converted into dimethylpyrroline- 
carboxyhc acid ® : 


9H2-9H2 
MeCO COMe 


+KON 

> 

+NH4OI 


CH2--9H2 HCl 9H2-CH 

CN-CMe COMe ^ COOH-OMe CMe 

\ • \/ 

NH, NH 


A secondary aminoketone was isolated by Clarke and Lapworth® by tSe action of^benzal- 


1 Ber., 1908, 4X, 613, 1127, 2010 ; 1909, 42, 1264. 

® See also Mascarelli and Testoni, Gazz., 1903, 33, ii, 312. 
® Zelinsky and Schlesinger, ibid., 1907, 40 > 2886. 


a lUd., 1898, 31, 277. 

* Tafel, Ber., 1889, 22, 1858. 
6 J. C. 5., 1907, 91, 704. 
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acetophenone upon the addition product from henzalaniline and HCK. It ^ converted into a 
pyrrole hy gentle warming : . ; 

. PliOH=aH ^ - PhCH— OHa PhC— OH ' ' 

CN-CHPli (ioPi. ON-iph (ioPli -hoh Ptli Lii. 

^NHPh \nHP1i _ tPh 

Phenacylmethylaniine, liberated by the action of KOH upon its 'toluenesulphonyl derivative, 
at once condenses to an unsatdrated y-aminoketone, which may be isolated, together with the 
corresponding pyrrole ^ ’ 

PhCO , CH 2 *NMe-S 0207 H 7 PhO=C-NHMe PhC-^r— C-NHMe 

CHa ‘ COPh ' CHa COPh ^ OH CPh 

\ . \ i ' \ / 

NMe‘S02C7H7 . - , , NHM^ HMe 

In a similar manner, p-tolacylamine hydrdcliloride, 

Me-CeH4*C!0*CH2*NHa,HCl, 

is converted by KOH into 2 : 4-ditolyl-3-aminopyrrole.2 

The ammonia derivative of a-benzoyl-l^vulic ester is, according to either of the alternative 
formulas, a y-amino-ketone. , It rc^adily anhydrises to the pyrrole compound ^ ; 


9Ha 

MeCO 


-CH-COOBt 

COPh 

% 

NHg 


CHa— C-COOEt 
MeCO CPh . 

*, 

’ NHa 


CH— ( 
OP MeC ( 
\ 

. - NH 


^H-COOEt 

)OPh 


CH— C*COOBt. 
Meb c'Ph 

\/ 

NH 


Kohler and Drake ^ have used sodio-nitromethane in the synthesis of y-nitroketones. These are 
reducible to y-aminoket®nes, which condense at onc^, or on treatment with benzenesulphonyl 
chloride, to pyrrolines : * * 

^PhCH— CHa , PhCH— CH'a PhCH— CH 

in, ioMe — > ilia ioxMe -> ' ii 


PhCH=CH 
+ J 
NaCH, C 

\ 

NOa 


OMe 


NOa 


\ 


NHo 


:^Ha CMe. 
NH 


The same series of reactions was performed with benzal- and piperonal-acetophenones, giving : 
* Ar-^H— CH 


CHa 

\X 

NH 


(Ar = Ph or CH,<°>0,H3.) 


1 Gabriel, Ber., 1914, 47, 1336. 

® Borsche and Pels, ibid., 1900, 39, 1922. 


2 Kudenburg, ibid., 1913, 43, 3555. 
‘ J.A.C.8., 1903, 45, 2144. 
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The aldehyde-ammoma obtained irom Iffivulio aldehyde is oydised by warming with dilute 

■ *71' * 


acetic acid ^ . 


CH„— CH, 


Me( 


MeCO OH(OH) 

/ 

NH, 


aoeWo 

add 


OH— CH 

MeC bk 


\h 


/^TT plTT 

v-tig 

jCO CHO " 

* +NH3 

(in ether) 

Wohl, Schafer and Thiele ^ converted y-aminobutyracetal into a pjnrrolidine by treatment 
with benzenesulphonyl chloride : 

He, Na+aio. OHg — CHa Phso.oi CHa^ — CHg 

CHa CH{OEt)2 CH« 01 

\ho 


CH^-c; 
ON c: 


H(OEt)a 




k-OEt . 


9H.- 

MeCH 


\ 


NH-COR 


bSOaPh 
(40% yield) 

Acylated y-aminoaldehydes have fnrther been studied by Helferich and Dommer,^ who 
oxidised with ozone the formyl, acetyl, propionyl, and benzoyl derivatives of the unsaturated 
amine, NHa'CHMe’OHa'CHj'CH.'OMea. The formyl and acetyl compounds gave on ozonisation 
an equilibrium mixture of aminoaldehyde and hydroxypyrrolidine : 

pHa-OH, CH-CH, 

::CMe2 MeCH CHO =?=*= MeCH CH-OH. 

\h-coe \<cor 

(R = H or Me.) 

In the case of the propionyl and benzoyl derivatives, the product was a pyrroline : 

9H2— CHa CHg--CH 

MeCH (Jh-OH MeClH tlH . 

.. ¥cor Vcor 

^ (R = -C,H, or Ph.) 

Ring-closure occurred when the aminoaldehyde was treated with 1~2% methyl-alcoholic HCl, 
a methoxypyrrohdine being formed: 

GH2-CH2 

Me(iH (iH-OMe (r ^ Me or ^C^H,.) 

VcOR 

The i\r-phenylammo-2 : 5-dimethylpyrrole obtained by Arbuso v « by heating the phenylhydrazone 
of acetonylaoetoue with CuA at 180-190° probably results from aa intermediately formed 
y-hydrazinoketone (cf. p. 80) : 


CH,- 
MeO 

\-HHPh 


Ha 

lOMe 


CH-CHa 
Med COMe 
\ 

NH-HHPh 


CH— CH 
Med b'M© 

X/ 

N-HHPh 


^ Harries, Ber., 1898, 31, 44. 
® Ibid., 1920, 63, 2004. 


® mi, 1905, 88, 4134, 4139. 

« J. Itu3S. Phys. Chem, Boa., 1913, 45, 099. 


E&lNTZSCH’S method 


87 


The amides of y-keto-acids are readily anhydrised to pyrrole ^rivatives. 
warmed with cone. H2SO4 gives 3 t4-dihromopyrrolenoiie ^ : 



Mucobromamide 

* ■ 


A similar reaction accounts for the production of phenyldiketopyrroline from phenyli^ooxazole 
methosulphate by the successive action of KCN and alcoholic HCl ^ : 


OH— 
Phij— 0- 


~CR 
1 1 

“N 


MejSO, 
>: 


' 9H2-C(S04)i 

PhCO NMe 


ZON 


PhOO 


CN 


HOI 




CH— C:NMe 
Phd CO 

\/ 

NH 


CH— CO 
Phc! CO 

\/ 

NH 


■ CHa— CiNMel 
PhCO CO 

J 


The examples given in this section seem to indicate that pyrrole formation occurs easily in the' 
case of enohsable y-aminoketones, but much less readily with y-aminoaldehydes, especiaUy if 
enolisation is precluded. It is probable that no ring-closure would occur in the case of non- 
enolisable y-aminoketones of the type 



This synthesis is thus a special case of the y-amino-alcohol method (sect. 8). 




3. From chloroacetone, (3 -keto -esters and amines : 


G CH 

I I 

G CO 

\ 

NH 


Hantzsch ^ condensed chloroacetone with acetoacetic ester and ammonia and obtained a 
yisld of 2 : 6-dimethylpyrrole-3-carboxylio ester ; 


CHjCl , (pHa-COOEt 
MeCO COMe 

+ NH3 


CH— C-COOEt 
MeC CMe 


NH 


1 Bistrzyoki and Herbst, Ber., 1901, 34, 1020. 

! Mnmm and Munchmeyer, ibid., 1910, 43, 333S, 3345. Cf. p. 78. 
8 Ibid., 1890, 23, 1474. ^ 
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The metliod was extended hj Peist and Mob ^ to acetonedicarboxylic ester, while Feist, Widmer 
and Dubose 2 in addition used acetoacetic ester with ammonia and with aniline, the products 
obtained being : 


CH— O-COOEt 

MeU 

\/ 

NH 


C'CHg-COOEt 


CH— C-COOEt CH— C-COOEt 

MeC CMe r and MeC CMe 

NH NPb 


CHgCl , CHa-COOEt 
MeCO COMe 


CH,- 

MeCO 


ENH, , 
>■ 


Feist has discussed the mechanism of the reaction.® He considered that the first product 
was a y-diketone, from which the pyrrole could be obtained by the action of amines as in the 
Knorr-Paal synthesis : V'* ‘ 

M-COOEt 

ioMe 

\/ 

NB 

At the same time, there is formed a furane derivative. Curiously enough, this by-product is 
not the furane corresponding to the pyrrole, but is derived from a different intermediate ^ : 


CH— C-COOBt 
MeC CMe 


Me-CO 


_^CH2-C00Et 
A 


Me-C- 


-C-COOEt 


CH,C1 ' COMe 


CHCl CMe 

/ 

OH 


Me-C C-COOEt 

CH CMe 

\/ 

0 


The furane is the main product when acetonedicarboxylic ester is used, and also when chlo|;|)- 
ethylidene-acetoacetic ester is substituted for the mixture of chloroacetone and acetoacetic 
ester.® 

Korschun,® who used the method for 2:3: b-trimethylpyrrole-i-carboxylic ester (I), has 
caUed in question Feist’s conclusions. He synthesised the intermediate diketone in the case 
a-chloroethyl methyl ketone and found that it reacted only slowly with ammonia : 


MeCHCl , NaCH-COOEt 
MeCO COMe 


KH, 


Me-(pH— CH-COOEt 
MeCO COMe (siowiy) 


Me-C- 

Meij 


^•COOBt 

CMe 


\/ 

NH 

(I.) 


'On the other hand, the action of ammonia upon acetoacetic ester ’ in the cold readily gives 
/S-aminocrotonic ester, whether the chloroketone is present or not. The pyrrole is only formed 
after heating. Korschun therefore considers that the course of the reaction is as originally 
suggested by Hantzsch, namely : 

Me^’H— CH-COOEt 
-> MeCO CMe 

/ 

NH, 


MeCHCl, CH-COOEt 
MeCO CMe 

/ 

NH, 


MeC — C-COOBt 
MeiJ tiMe 

x/ 

NH 


1 Ber., 1899, 32, 1766. 
« 35, 1538. 

® Idem, loc. cit. 


(I.) 

* Ibid., 1902, 34, 1646-1566. 

* Cf. also Plancher and Albini, B. A. L., 1904, [t], 13, i, 39-43. 

8 Ber., 1905, 38, 1125. 
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From chloroacetone, ammonia and oxalacetic ester Feist, Widmer and Dubose ^ obtained 
only a small amount of tbe pyrrole (II), tbe main product being a pyridine derivative (III) : 


CH— C-COOEt 
MeC (J'COOEt 

X/ 

NH 

(IL) 


CH-COOEt 

/\ 

CH 90 

MeH 00 

XX 

NH 


or 


OH-OOOEt 

/X 

MeO 00 
CH CO 

X/ 

NH 


(in.) 


Chloroacetaldeliyde,, of dicbloroetliyl ether (which readily passes into chloroacetaldehyde on 
heating), has been uifedf in place of chloroacetone by Senary ^ : 


0H,C1 

CHO 


, CHa-COOEt 
■^COMe 

+ NH3 


CH— (]-C00Et 
'oh 'CMe 

XX 

NH 


and 


OH— C-OOOBt 
CH (DMe 

xx 

0 


The furane by-product is in this case the analogue of the pyrrole, no isomeride being possible. 

Korschun and Eoll ^ have recently used the Hantzsch method for the preparation of 
1:2:3: 5-tetramethylpyrrole-4-carboxylio esters : 


Me-C)HC1 , OHa-COOR 
Me-C)0 GO-Me 

-f NHaMe 


Me*9H— ([-H-COOR 
Me-CO CO-Me 

-f- NHoMe 


Me-C 

Me-'ci 


-C-COOR 


C-Me 

XX 

NMe 


Methylamine and js-toluidine have similarly been employed with chloroacetone and acetoacetic 
ester by H. Fischer and Smeykal.^ 


4. From v-amino-acids or -esters 


C — C 
C CIOOH 

X 

NH 


y-Amino-acids readily lose water when heated and form the corresponding lactams, which 
are derivatives of pyrrolidone. The lactam of y-aminobutyric acid, prepared by Gabriel,® is 
pyrrolidone itself : 


c«H4<co>^*ch2^s:2CH2-cooh ^ 


9H-9H2 
CHa COOH 

\h2,hci 


9H-9H2 
CHj CO 

XX 

NH 


1 Ren, 1902, 36, 1552. 2 Ibid., 1911, 44, 493; see also Plancher and Albini, loc. cit. 

* Bull Soc. chim., 1923, [iv], 33, 1107. ^ Ber., 1923, 68, 2373. ® Ibid., 1889, 22, 3338. 
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Tafel ^ reduced tlie lactam of y-aminovalerio add to 2-metliylpyirolidine : 


pHa— CHa 
MeOH COOH 
\ 


"'XT PTT 
yxI q 

MeCH go' 


r-nr ,M,/'^Tr 

yll3|~Yil| 

MeCH CH» 

\/ 

NH 


Glutamic acid (a-aminoglutaric acid) may be converted into glutimide by beating the 
anoLinoiiium salt at ISS-ISO® or by beating tbe acid or acid ester with uxea at 125-160® ® : 




R-CHa 


COOH-CH COOH 

\h. 


CHs—CH* 
NHgCOCH GO * 

SsfH 

OMimide, 


T&e corresponding 2-pyrrolidone-6-carboxylic ester baa been obtained in 80% yield by beating 
glutamic ester for 20 minutes at 160-170® ® : 


COOEt-CH COOBt 


\h, 


CHj — CHg 

COOEt-CH CO » 


\h 


Willstatter’s synthesis of ecgonic acid from /S-bromoadipio acid and methylamine Is a further 
example ^ : 

CHj — CHj 

_ , COOH*CHa-CHBr COOH ^ 

ffydromuconic acid, ^-Bromoodipia add, , 


CH— CHj 

COOH*CH,-cIh COOH 


NE,Mo 
y 


CHj 9H| 
,•03 


COOH-CH, -CH COOH 


\ 


CHj — CHj 

eOOH-CH/CH CO - 


NHMe 


\Me 

Eeganic add. 


EWert' used a similar method for the preparation of l-phenyl-2-niethvl-5-pyrrolidone from 
valerolactone : . * ^ 


?H,-CHa 

MeCH CO 

V 


HBr 


CH, — ra, 
MeCHBr COOH 


rbifir, 
y 


CH,- 

MeCH 




10 * 


He obtamed tbe same compound by electrolytic reduction of a mixture of nitrobenzene and 
isevuiic acid m alcobobc H^SO^ : 


CHa—CH, 
MeCO COOH 

+ PbNO« 


CH~~CHa 
MeC COOH 




HPb 


Y n yH I 

MeCH €0 • 

x/ 

NPh 


I 20, 260; 1889, 22, 1860, 1866. 

Mee and Noyes, J. A. G, 1922, 44, 1806. Ber., 1901, 84, 1818. # IMd,, 1007, 912. 
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^ Itaconic acid, CH 2 .C(COOH)*CH 2 *COOH, condenses witli arylamines to give y-itaconanilio 
acids, the constitution of which was elucidated by Anschutz ^ : 


COOH-0 
1 1 




CHj COOH 

Itaconic acid. 


Alcoholio 

HBr 




COOEt-CpH— (pHa 
. Bj:CH 2 COOEt 


COOH-9H--CH2 
OHg CO 

\/ 

NAr 

^-Itaconanilic acids. 

I'koh 

. COOEt-OH— OH2 

6H2 COOEt . 

\HAr 


ArNH, 


(Ar = Ph, ^J-CyH/, a-CioH,-, -NHPh.) 

Tomita has used the phthaliniide method for the preparation of y'amino-jd'hydroxybutyric 
aci^, which at 215° yields the lactam : 


yaH4<g^>lT-CH,.OH{OH)-CH,Cl ^ CsH,O,:N-CH,-CH(0H)-CH,-CN 


EON 


H,S 04 
^ 


OH-CH— CHg 
CH 2 COOH 

\h2 


215“ 


OH-CH— CH 2 
NH 


•w . 

A series of unsaturated y-amino-esters was prepared by Carri^re ^ from hydroxymethylenesuccinic 
esters and amines. Hydrolysis with cone. KOH converts the products into pyrrolones : 


E-CH C-COOEt 


E-CH- 


COOEt CH 

/ 

NHAr 


C-COOEt 


COOEt 8 hOH 
+ NHaAr 

(E = H, Et; Ar = Ph, p-C^H,-, PhCHg.) 


E-CH— O-COOH 
CO 8h 

HAr 


A y-amino-group may also be conveniently introduced by energetic reduction of the phenyl- 
hydrazone of a y-keto-acid. Thus Tafel ^ obtained y-amino valeric acid from Isevulic acid, and 
Haller and Bauer ® treated the phenylhydrazone of mesitonic acid similarly ; 


9 H 2 -CE 2 4H 




% 

N-NHPh 


"9^2 

COOH 


MeC COOH MeCH 

\ 

NHg 

+ NHgPh 

(E = H (Isevulic) or Me (mesitonic.).) 


CH 2 -CE 2 
MeCH CO • 

\/ 

NH 


This method seems to fail in the case of /S-valerylpropionic acid (I), from which Blaise and 


1 Ann., 1889, 254, 148, 149. 

8 Ann. CMm., 1922, -fix], 17, 38-122. 


* Z. physiol. Ch&m., 1923, 124, 253. 

*■ Ber., 1886, 19, 2416. 5 Compt. rend., 1914, 158, 1086. 
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Houillon* synthesised a compound related to that obtained by distilling octamethylene 
diamine hydrochloride. The product was not, however, the expected 2-butylpyrroMone (11) ^ : 


OHr 

C^Hg-CO 

(I.) 


COOH 


CHa— OHa 
C^Ha-CH 00 

\/ 

NH 

(II.) 


Certain y-keto-acids give pyrrolones directly in good yield by the action of aniline. B.g . : 


CHg— CHPh 
PhCO COOH 
+ NH,Ph 


- CH“9HPh’ 
PhC COOH 

\HPh 


CH- 

PhiJ 


;)HPh 
1)0 • 


\/ 

NPh 


PhCH- 
PhCO 

+ NHaPh 


•CHa 

COOH 


PhC- 

PhC 


-9Ha ■ 
COOH 




NHPh 


PhC- 

PhC 


''TT 

r'Ha 

)0 


\/ 

NPh 


Similarly, Ruhemann and Hemmy ^ obtained 2-methyl-6-pyrrolone-3-carboxylamide from 
acetylsuccinic ester and alcoholic NHg : 


COOEt-CH— CHa 
MeCO COOEt 

+ NH 3 


NHaCO-C- 

Met! 


-(fHa 
CO • 


NH 


The application of the Strecker amino-acid synthesis to keto-acids (Isevulic acid) has been 
the subject of a series of investigations by KiiMing ^ and by Weber ® : 


CHa— 9 H 2 

MeCO COOEt 

-f-KCN-i-NHaR 


Alcohol 



100 “ 


9 H 2 — 9 H 2 
CN-CMe (ioOEt 
\ 

NHR 


CN- 


'ITT Ptr 

yjla 
Me 60 • 

x/ 

NR 


(R = H, phenyl, 0 -, m-, p-tolyl, 3-o-xylyl, 4-o-xylyl, 4-m-xylyl, p-xylyl, a-, p-naphthyl, 
benzyl, or p-X^CgH^, where X is Cl, Br, I, ‘CN or ‘COOEt.) 

From benzylamine both the lactam and the aminonitrile were obtained, the latter being easily 
converted into the former by gentle heating. The yields of lactam varied considerably, as the 
following table shows : 


Arylamine. 

^)-Toluidine 

S-o-Xylidine 

4-o-Xylidine 

m-Toluidine 

4-m-Xylidine 


Lactam. 

100 % 

80 

80 

60 

50 


Arylamine. 
o-Toluidine 
(3 -N aphthylamine 
a-Naphthylamine 
jp-Xylidine . 


Lactam. 

40% 

27 

20 

20 


® Almstrom, Ann.^ 1913, 400, 140, 146. 


1 Hess, Ber., 1919, 52, 1636. 

» J. (7. /S'., 1897, 71, 330. 

I 2366; Kiihling and Falk, ibid., 1905, 38, 1215; Kuhling and Frank, ibid., 1909, 42, 3964. 

® Bid., 1907, 40, 4044. ♦ See p. 62. 
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Weber was unable to obtain tbe products from halogenated anilines in sufficient purity to dis- 
tinguisb between amino-nitrile-ester and lactanij whilst cyanoaniline gave only an oil. !From 
jp-aminobenzoic ester tbe product was tbe aminonitrile-ester. All tbe products (except that 
from cyanoanibne) were converted into pyrrolidones {i.e. lactams) wben tbe nitrile group was 
hydrolysed with cone, HCl : 


CH^-CH, 
CN-CMe COOEt 

\HAr 


COOH-CMe CO 
NAr 


CbT-OMe CO 

\/ 

NAr 


A double y-amino-acid cyclisation is recorded by Traube 


+ 2CH2(COOEt). 


^ NH:9-CH(COOEt)2 

(C00Et)2CH*C:NH 

NH 2 

C00h\h— CH-COOH 

COOH-CH CH COOH 

\ 


NH 

do "^CH— CH-COOH 
COOH-CH— CH CO 

\/ 

NH 


C G 

G GOOH 

5 . From a-keto-acids (or -esters), aldehydes and amines ; 

Tbe syntheses in this section are conveniently considered under two beads, (i) from pyruvic 
acids, (ii) from oxalacetic ester or aoylpyruvic esters. 

(i) Pyruvic acids. In Dobner’s quinobne synthesis (p. 256) from pyruvic acid, aldehydes and 
arylamines tbe first product has been shown by Borsebe ^ to be a y-amino-acid, 
Ar-NH-CHK-CHg-CO-COOH. This by further condensation may give a diketopyrroHdine 
(I) or a dihydroquinoline (II), and in the presence of excess of base the former is converted 
into its ^-anil (III) : 


CHg— CO 

E-CHO ioOH 
+ NHaAr 

9 H2-9:NAr 
K-CH CO 

\/ 

NAr 

(III.) 

1 5er., 1902, 35, 4124. 


QH, 


R-CH 

\ 

NHAr 


CO 

COOH 


i. e. 


9 OOH 

^ CO— 9H, 
CHE 


1 


9H,-CO 
R-CH CO 

\/ 

NAr 

(h) 


COOH 


Af<^ 


:CH 


NH— CHR 
(II.) 


» lUd., 1908, 41, 3884 j 1909, 42, 4072. 
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DSbiier ^ found tbat in the caee of the naphthykmin^ III become the nain pfoduct wh«tt th* 
reaction is performed in ether solution. Beru^niline and pjruidc aeid in ether pvt a alwiik 
result.^ 

Borsohe ® has studied the behaviour of a large number of arykminM in this reaction and ht 
shown that p-ohloroaniline, w- and p-nitroanilines and «- and p-amlncaoetophinoni* glv 
almost exclusively the diketopyrrolidine or its anil Ihe reaction fails with o^hloro- aw 
o-nitro-anilines, only the Schifi’s base being formed. Substituted pyruvic acids, 

R‘CHg’CO»COOH, 


where E is phenyl, o-nitrophenyl or benzoyl, yield only the pyrrole compound and b«iByIpyravi< 
acid gives only small amounts of quinoHnea. 

Borsohe’s conclusions have been confirmed by the reecint work of dohnaon and 
who have applied the reaction to arsanilio acids in the hope of preparing cinehoainie acidi mw 
tami^ arsenic. In every case the product was a Schiff’s base or a dlketopyirolHiae. Tin 
reaction failed with aliphatic aldehydes {paraldehyde and butyraldehyde) and only the 
bases resulted when benzaldehydo and pyruvic acid were condensed with arsanillc anidi i« 
which a substituent ortho to the ‘NHa was present, namely ; 



AsOsHjs 




Ortho-substitution in the aldehyde did not prevent ring-closure. 

(ii) OxalctceiiG and olhor acylpytuvio esilefs .* Schiff and Bertini ® found that diketopytrolidines 
were obtained by heating on the water-bath a mixture of oxalacetio and aromatic amine 
and an aromatic aldehyde : # 


COOEtOH,— CO COOEt-CH~-CO 

+ Ar<!HO COOEt — > ArCH COOEt 


COOEfCII-f'O 
ArC‘H CO . 

SlAr 


The reaction was further investigated by Simon and Conduchtl* They showed that jJ-naphthf I- 

I™ T derivative, but a compound (I) which m convertiKl by cone. liiSCb into 
a djhydronaphthoqumolme (II) : ^ % 


+ BhCHO + 


CCOOEt 

^WOOEt 
wCIfPli » 
HH 
CII4 

^C^ rmd 1004 ... * IW, 10. «»I. 

ibid,, 1908, Cviii}. 13, 361, ’ * ^ SSj Sitww aurf M«igi«, 


CO-COOEt 
N '^CH-COOEt 
y\ymvh 
mi 

(I.) 
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^ similarly witli oxalacetio ester and anisaldeliyde or w-nitro- 

beMaldenyde. Witb piperonal, on the other hand, a diketopyrrolidine is formed, while vanillin 
and sahcylaldehyde yield neither. The reaction fails with a-naphthylamine. 

Schiff and GigU ^ extended the reaction to acetylpyruvio ester (acetone-oxalic ester) from 
which they prepared 1 : 2-diphenyl-3-acetyldiketopyrroHdine : 


MeCO.CH,-CO 
PhCH + COOEt 

NPh 


MeCO-CH- 

PhCH 


\ 


■5° 

COOEt 

HPh 


MeCO-CH—CO 
PhCH CO 

^Ph 


and benzoylpyruvic ester, 


Cinnamoylpyruvio ester, PhCHiCH-CO-CHa-CO-COOEt, 

PhGO'CH 2 *CO’COOEt, behaved similarly. 

The research^ of Borsche ^ upon the formation of pyrrole derivatives by the condensation 
of benzoylpyruvio ester and anihne with benzaldehyde and with anisaldehyde have already 
been mentioned above. The product obtained by SchifE and GfigU from benroylpymvio ester 
and benzal-p-naphthylamine is doubtless a (^[uinoline and not a diketopyrrolidine. 

Acetylp^nvio ester gives pyrroUdines with p-aminophenol and p-iodoaniUne in the presence 
of benzaldehyde, while oxalacetic ester fails. In alcohol both esters fail to react with aldehydes 
and ortAo-substituted anilines, but diketopyrrolidines may be obtained even in these cases bv 
using benzene instead of alcohol as solvent. 

Diketopyrrolidines have been prepared by the following condensations : 

Aldehyde, R’CHO, 

CH,>~CO 

(a) From pyruvic acid : d'O 


Arylamine, ArNH*. 


Reference, 


Bonzaldohyde 


Cuminaldehydo 

Furfural 

0-, p-Methoxyborizaldehydos 
Piporonal 

p-Chloro})oiiza] daliyd<» 
Salioylaldahydo 
J7-Diraothylaininol)onzaldchydo 
Cinnamaldohydo 


Aniline. 

W-, 30-Chloroanilines. 
m-, ?f-Nitroanilinos. 
o-Toluidine. 
ja-Aminoacetophenone, 
m-, p-Aminobenzoio acids. 
Arsanilio acid.* 
2-Methylar8anilic acid.* 
2-Metliox3’’arsanilio acid.* 

Aniline. 

Aniline. 


Arsanilic acid. 


1 Ber., 1898, 31, 1306. 

3 D.R.-P. 283305, 

fI,[OgAS 




® Ibid., 1909, 42, 4084. 
^ D.R.-P. 280971. 


where R = H, Me or -OMe. 
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AUeliyie, R-CHO 

Ph‘CH— CO 

(h) From phenylpyruvic acid : (llO 

\/ 

NAr 

Formaldehyde 

BenzaJdehyde 

p-Nitrobenzaldehyde 
Salicylaldehyde 


Aryktmine, AxNHj 


Aniline. 

Aniline. 

O', m-, j3-ToIuidines, 
m-Nitro aniline. 
Aniline. 
Aniline. 


NOj-C«H4*CH— CO 

(c) From o-nUrophenylpyruvic acid ; Ph'(!)H dlO 

Benzaldehyde Aniline. 


PhCHa'CH— CO 

(d) From lenzylpyruvic acid : Ph'dil do 

\ph 

Benzaldehyde 


Aniline. 


MeCO'CH—CO 

(e) From acciylpyruvic acid : Ph'dil do 

\Ar 


Benzaldehyde 


js-Dimethylaminohenzaldchydo 

Piperonal 

Furfural 


Aniline, 

p-Aminophenol. 
p-Iodoamline. 
m-, p*ToIuidinefl. 
e-Toluidine. 
o-Anisidine. 
p-Phenotidine. 
S-AminoqnJnoIine. 
4-Aminoantipyrine. 
p-Toluidine. 
Aniline. 

Aniline. 


PhCO-CH—CO 

(f) From henzoylpyruvic acid or esier : do 


Benzaldehyde 

Anisaldehyde 


''^Ar 


Aniline. 

P*Toliiidino. 

o-Anisidine. 

Aniline. 




6 

8 

8 

fi 

8 

6 


8 


3 

8 

8 

8 

7 

7 

« 

7 

7 

7 

7 

7 


1,6 

8 

7 

6 


' 1 ' 




Thu« Tftfcl anil Stum * nlitaimai muthyUnwimmiilu in 7.V';, yi,.l,| l,y hmtino ! 
aumiiMte at 200«. Knllw • obtained giml ruauHa by hwlins «>•' 

Mliydndlii with |i-tohiicline or ^-niiphthyljiiihiit*. 

The fiwt pKluet «f the ectieii of & priiiuiry iirnine n stirririir «nhvdrtile 
itieciaaitiic arid, whieh itt coaverkni into the intitir by hrnt or by trraltnrnt with arrlii 
with acetyl rhloride * or with eertaia bwa ; ^ 



Koniatan obtebml i«rrinn«il by hwiting the nietbyhiniiije »df of porriiiiintltc 
dcM» not effect ring-rbwnre if ti k an aryl gmu|t carrying an mik» aiilwtilMrni « 
liyclroxykriiinif ^ anil phenylbydriaine * kdiavr liki* other |»rmMiry mmmrM. 


* Ifcr., IIMIO, SI', mt, 

* Ikifirt mvl Wi*. J. . 4 . iflii, 14, ajcj. 

'♦ AlWtw, iJilHl, IKJ#, 314 

* Ibiigli, 4m., ifll7. m 11. 


* m% 17. imw. 

^ Zrntf,, twm. ii, ri; 

^ Km’fn. I mm. m. ««* w.** 


«l»rt |». 
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Succinjl cUoride, owing to its tendency to give unsymmetrical iminosuccinides (especially 
in reactions with ammonia and aHpKatio amines), is less suitable than the anhydride for the 
preparation of succinimides.^ It gives, however, with glycine ester a 62% yield of succinimino- 
acetic ester.^ 

The relative ease of formation of the Y-substituted succinimides may be judged from the 
results of Miolati and Longo,^ who found that the rate of hydrolysis by alkali was represented 
by the following figures : 


Alkyl or aryl. 
CHMe^-OHa-CH,- 
CHg-CHa-CHMe- 
CHMea-CHj- 
CHa-CHa-OHj- 
OHMea- 
CHs-CHa- 
CHa- 


k. 

0-0336 

0-0372 

0-0388 

0-056 

0-068 

0-085 

0-217 


Alkyl or aryl. 

Pli - OHa - 

CHaiCH-CHa* 

o-Me-C,H4- 

wi-Me-CeH*. 

2)-Me-OoH4- 

Ph - 


Tc. 

0- 276 
0-282 
0-866 

1- 098 
1-12 

2- 27 


The hydroxy-group in malic acid is easily amidated; true malimides have, however, been 
prepared by careful heating of a mixture of malic acid and o-toluidine or /?-naphthylamine 
and Arppe « as long ago as 1855 obtained malanil by the action of KOH upon malic anilide : ' 


OH-9H*CONHPh 

CHa-COOH 


OH-CH— CO 


>NPh. 


CHa-CO' 

The anilido-anil of citric acid is best prepared from the acetyl derivative of citric anhydride : « 


(pHa-COOH 


CHa-CO-NHPh 


A^artimide results from the action of alcoholic ammonia upon bromosuccinio ester at 106- 
liu , upon aspartic ester ® or upon bromosuccinamio acid at 160® ; ® 


Br-CH’COOEt 

CHa-COOEt 


NHa-^H-COOEt 

CHa-COOEt 


I 


Br-CH-CONHa 
CHo-COOH 


NHa*9H-CO. ™ 

CHa-CO 

Asyartiimde. 

f I"*. 1’33. 

4 ff’’ V ’> 1895, 4, i, 351-358. 

, ... ! 96, 109. 

« Piutti, ibid., 1888, 18, 473. o rj l^orner and Meaozzi, Gazz., 1887, 17, 173, 

de Mouilpied and Rule, J. G. 8., 1907, 91, 178. 
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(b) Makinimid^ ; Mabic acid, its ester or its anhydride and the homologues of these are 
converted mto inud^ by the action of alcoholic ammonia or by heating with primary amines, 
second reaction also ocom^ddition of NH, or amine at the double bond, with formation 

IrthZralT^fh’, obtained from pyrocinchonio ester and ammol 

both the normal dimethylmaleimnnde and aminodimethylsuocinimide : 

Hir /N y-\ ./-V 


Me- 0 — OOOEt MeC— CO 

Med— OOOEt MeC— CO 


>m 


NHo-CMe— CO. 


H-CMe— CO^ • 


^ve, amongst other products, ff-aminomaleinimide.a Anschiitz 
add cSde f pienyhmide of diohloromaleic acid by the action of aniline upon the 

Cl-C-OOCl Cl-C-CO.,„„^ 

C 1 *C — COCl Cl'C — 

imide'.***’™”™'’ bromooitracouic acid also remains unattacked during the conversion into 

+ Me-C-CO...„, 




y An mterestmg synthesis of hydroxymaleimmides is that described by Wisliceuns and Sattler • » 

OOOBt-COOEt OQ— COOEt , OH-0 CO Phtm-r nr, 

+ CH,-CO-NHPh 0 H,-CO-NHPh+ fe— 

mSe^roId kydroxycitraconanU 


OH-C— CO^^vT,, 

TIT 'A r^/^>NPh 

Me‘C — CO 


NHn’C CO. -xtTT /T. 

jj.y__0Q>NH. (R = Me, Et.) 

(11.) 


Ammonia reacts with oxalpropiomc and oxalbutyric esters to give aminocitracouimides (11) » 
^t “20T 0^ ™ by heLg 


OH-CH-COOH 

CK-COOH 


4-RNH2 


CH— CO. 
gIh— CO' 


>NR. 


Maleimmide itself was obtained in this way by Dessaignes,^* the methyl ethyl and benyvl 
denvatiyes by Piutti « and Ginstiniani,^ and the anil by Anschutz and WiSk'o ^ ^ 

_ Ihe action of PCI5 (m benzene) upon the dianilides of maleic and tartaric acidq bnq 
i^^tigated by Bischoff and Walden.^ Maleic dianihde is converted first into ph^Wr^l 
( I) and by further action of PClg into phenyliminodichloromaleinanil (lY) ; 


PhNH-?H~CO 

CHg—CO 

(III.) 


NPIi 

CH-CONHPh . piiNH-CH— CO pip 

CH-CONHPh CH2~C0^^^^ C §-CO>NPJ^- 

(III.) (IV,) 

« Is, ^189i%5%f I r? 1895, 51, 376, 387. 

• fe, 188k h ist. ''“T “ i fsMlM fIrleT’ “ moJ ?r?‘; S24. 

>» X»„ 1887, 239, 141. *> ^^9%3(^f6l 

^ See, however, Ravenna and Bosinelli (B. A. L., 1919, [v], 28. ii, 113, 137). 
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From the ditoluide and PCI5 only chloxosuccino-jp-tolil was obtained : 

CH— CO-NHCyH, . CICH— X. 

Uh— OO-NH-C^H, CHa— 00'^ ’ ’ 

Tartaric dianilide reacts with PClg to give phenylaminomaleinanil ; 


OH-CH-CONHPh 

OH-CH-CONHPh 


roH-c 

LI 


L CH-— CO 




PhNH-C GO 




The ditoluide undergoes- chlorination and yields ^J-tolylaminochloromalemotolil (V). 


CIC—CO 


C7H7-NH-C- 


-CO 


>N-C,H, 


PhCO-0* 

PhCO-0- 


(V.) 


CO, 
iH— CO 
(VI.) 


>F-C,oH 7. 


Using benzoyl chloride in place of PCI5, Bischoff and Walden, from the di-a- and di-j?-naphthalides, 
obtained tartrimides of the structure (VI). 

Fichter and Tschudin 1 have condensed citra- and mesa-dibromopyrotartario acids (VII) 
with aniline, j)- and o-toluidines and a- and /5-naphthylamines. The products are of the types 
VIII (from citra-) and IX (from mesa-). The simple citradibromopyrotartrimides of the type X 
were, obtained from o-toluidine and the naphthylamines by suitably moderating the temperature 
of action. 


MeCH-COOH 

BraUCOOH 

(VII) 


ArNH-C— CO^ ^ 
(VIII.) 


Me-C— CO 
BrC — CO 
(IX.) 


>NAr 


Me-CH—CO 
BrjC CO 


>]SrAr. 


(X.) 


■ The a-phenylamino-a-methylsuccinic acid (XI) synthesised by SchiUer-Wechaler » undergoes 
an mteresting condensation when heated at 180°.8 Aniline is first ehminated, giving oitraconic 
acid, which condenses with anihne in the usual way to form oitraconanilio acid (XII) (KeisserPs 
pyramlpyroio acid ) and citraconanil (XIII) (Beissert’s ** pyranilpyroic lactone ”) j 


MeCOCHoCOOEt 


cold H, so, 


PhNH*(;)Me 


MeC-OHo-COOEt 

/\ 

OH CN 


CONH 

i 

•CM^ 
(10 


2 

dU.HCl 


•9H, 

(JOOEt 


NaOH 
^ 


PhNH-<pMe— 

(iooH 


rJUNil'CMe- 

OOH 


-ywa 

(iOOEt 


(XL) 



r(lMe=(JH 1 

00 

/ 

(JOOH (JOOH 

[ 

^ H-PhNHjj 


)Me: 


s 


\ 


-Oil 

C!OOH 


NHPh 

(XII.) 


<pMe=9H 
(JO CO 

\ / 
NPh 
(XIII.) 


1626.'^' im’ Preiswork, Ber., 1902, 

88?.n9J9^'^’ sSrinscSi’ir; Tisf 1 S 9 ; ^ g; 
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{c) Imdes of alioychc 1 1 2~dicarboxyl{c acids: The anils of 1 : 2-dicarboxy-cvcZopromne 
jcZobutane and -cycZopentane derivatives are very easUj formed by heating theTcid anhy^es 
amhne. They usually crystalhse well and are useful for the charLerisation of these 

Guareschi’s method (see p. 202) from cyanacetio ester ammonia 
and ketones are readily converted into imides of cwcZopropane-1 • 2-dicarboxvhV arirlQ Kv + + 

ment with bromine Mowed by heating at 110-120°^nLL m ^ 


COR, 


OR, 


CRa 

/\ 


COOEt ^OOEt — CN'-^^' OBrClf “ 

+ NH, 90/0 ^0 & • 

NH M \/ 


M Use of urea in place o/nH^ : Urea reacts with succinic anhydride to form suooinuiio acid 
which on further heating is converted into sucoinimide: 2 lo lorm sncomurio acid, 


>NH. 

Szifattirw 

acid“ nir^““* aiWmaleio 

CHa-CN ?Ha-C 0 . ™ 

CHa-CN ^ 6 Ha-C 0 ^^®- 

With trioxymethylene in acetic acid ethylene dicyanide yields N : r-methylenedisuccinimide : ^ 


CO-CHa 
' " CO-CJIa 


‘■2 

’JR.-GO 


i «-PWlamino-a-methyl-a-succinamic^^ has already been 
mentioned (p. 50 . The product is converted mto the imide by the action of heat or of 
e acids or alkalies. The o-tolylammo-compound behaves similarly. Gault and Wieck » 
have prepared 3-phenyltriketopyrroiidine from phenylcyanopyruvic ester : 

COOEt'COOEt ^ 90'C00Et e.so« CO-COOEf, rn on 

yu ™ 

PhCH-CO^ 


+ Ph-CHa'CN PhCH‘CN 


140 ’’ 


yo-cooEt 

PhOH-CONHa 


^ 1 Guareschi and Grande, jZen^r., 1899, ii, 439 • Menozzi Gaz« IQOO Qa ,• ni.- 

n, 806 807; Birch, Gough and Kon, J. d S., 1921, 119 1320 ^ ® Zentr., 1910, 

• S'Xnd «• "’®- 

’ Bechert, '^- P'-Ghem,, 1894, 50, 1 ; Passerini, Oazz., 1923, 53, i, 333. 

Compt. rend., 19.w0, 170, 1392; Bull. Soc. chim., 1922, [iv], 31, 867, 993. 
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(f) Ftowi succinic acid and nitfiles, cafhivnidcs or th%oc(wM) 9 iidcM * Kfiatg,* m Ills ilutlj of 
the interaction of acids and nitriles, found that succinic acid and ithjieiie dicyiinidt g»¥« 
Buccinimide : 


CHa-COOH , CHa-CN 
CHo-COOH CHa-CN 


, COx-^jr CN-CHa" 

•COOH ^CO‘CH« 


fHj 

iHa-COOH 


eiL*C(r 




The employment of mustard oils for the conversion of succimo acid into iuccinkiiKl^ wm firtl 
described by Moin4.2 The reaction is probably similar to that jwat iiicntioiietl, ii s®f»i 
amide being intermediately produced : 


CHa-COOH 

CHa-COOH 


'KoT - 

Uila v^U djQQJJ ^■**1 


;h«‘COOH 
-CO 


„.HHK 
-f . COS 


CIljCO. 


(R ss allyl or phenyl.) 

Haller ® used phenylcarbimide in place of the thiocarbimide : 

E00H + ™ ^ ^Jco^Ni>i. + co. + n.n, 

(g) From oximes of y-aldehydo- or y-Jceto-adds : The oxime «f tevulic acid llit 

Beckmann change when heated alone or with cone. HgSO^, giving iV^*m«tthykucriiiimiile : * 

';h#*co’ 


CHa-CMelNOH 

CH«-COOH 


fHa-CO-NHMo 

teftCOOH 


The oxime of mucobronaic acid must first be converted into it« anhydride, whirh thru yiitltii 
dibromomaleinimide when heated : ® 


BrC-CHO 

BrdcOOH 


BrC-CHINOH 

Br'dcOOH 


BrCCH’.N 

Brd'C0*0 


BK>CONH, 

Brc!*COOI! 


BrCCtl 


(li) From add azides : Cuxtius and Thiemann « in their investigation of the abides of 
carboxyhc acids found that the tetra-azide of ethanetetracarboxyhe iieui was dt*CR>iiip«i#i*l liy 
warm water with formation of the cyclic trihydrazide (I). Bronilne water or aleoholte indiat 
gave the cyclic dihydrazide (II) : 

NHaNH*CO™(,:n~CO, 


Na-OO-CH-CO-Ng 

Na-OOCH-CO-Na 


NH„NH’C0-CH-~<}O 






NHaN< 


CO-CH-^JO 


>N*KIL m. 


"QQ — (Hpj — QQ. 

Reduction of succinimides, etc , : The succinimides give small yields of the mmmmm4m& 
P3^roles when distilled with zinc dust, but much bettor results are obtidned by rwhirtion wiili 
sodium and alcohol or with hydrogen in the presence of platinum Wark. r«iaml 

2 Jahreaber., 1886, 0.'J8j see also P. Kay, /Irr,, Imm, t|, ijs.W. 


^ J. pr, Chem., 1904, 69, 1. 

® Oompi. rend., 1892, 114, 1326. 

5 o-if * and Boddinghaus, Ann., 1889, 261, 316; Bollfua, Ikr., 1H92, 25» lim 
Hill and Comelison, Amer. Chem. J., 1894, 16, 290; Hill and Allon ihi.t 
« /. iir. Chem., 1916, 94, 273-382. ^ 180^ S; 3^* iS' 


li, i»8. 

m. 
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roccimmide deotrolytioally to pyirolidme. aiabovski and MarcMewski i synthesised hsemo- 
pyrrole a by heating methylethylmaleinimide with zinc dust and hme in an atmosphere of COj ; 


Et*C"~^C 0 v.^-»XTT 

Me-'c-00>^^ 


Ef9=CH jjg 

Me-C=CH 
Hcemopyrrole a. 


In the following list of succinimides etc. methods e, f, g and h are not included 
I. Sumnimides have been obtained by condensation of suooinio acid or anhydride with the 
following amines etc. (the numbers refer to the references on pp, 57, 68) ; 


Ammonia, 1, 11, 12, 20, 56, 119, 128 
Urea, 72 
Methylamine, 14 
Ethylamine, 14 
tsoPropylamine, 100 
Allyl thiocarbimide, 29, 69 
Ethylenediamine, 37, 63 
Trimethylenediamine, 35 
Glycine ester, 66, 140 
Benzylamine, 39 

Aniline, 2, 10, 12, 18, 74, 95, 108, 120, 123, 131 
Phenyl carbimide, 64 
Phenylthiocarbimide, 29 
o-Toluidine, 16, 17, 131 
jp-Toluidine, 9, 13, 16, 17, 18, 74, 108 


Mesidine, 22 

o-Nitroaniline, 18, 74, 106 
i)-Nitroaniline, 18, 74, 77, 105 
o-Bromo-p-phenetidine, 86 
Anthranhic acid, 74 
53-Cyanoaniline, 127 
Sulphanilic acid, 36 
a-Naphthylamine, 18, 36 
/3-Naphthylamine, 36, 74, 108 
Naphthionic acid, 36 
7n-Phenylenediamine, 16, 105 
^j-Phenylenediamine, 105 
Hydroxylamine, 70 
Phenylhydrazine, 60 


II. The following substituted succinimides have been prepared by normal reaction with 


amines 


*Acid or anhydride. Ammonia. 

McCH-OH, S. 7 


EtCH-OHa 

CjE^CH-CHa 

CHMoaOH-OH, 

COOH-CHaCH-CHa 

COOR-CHiO— O h, 

COOH-CH2C(OAo)-0H, 

OH’OH-OHj 

OO-OHa 

CO-CHMo 

MeCH-CHMe 3 

EtCH-CHMe 

CaHjCH-OHMo 

CHMeg-CH-OUMe 

CHMe.CH^CH^OH-OHMe 

•EtOH-CHEt 

CHMe^OH-OHCHMca 

PhOH-OHPh 


38, 41, 45 


^-Naphthyl- 

Anuine. p-Tolnidine. amine. 

6, 7, 88, 130 96 95 

139 — _ 

124 _ 

r 71, 79, 92,1 Q. or 

1 96,106 / 

114 — _ 

114 _ __ 

114 — __ 

8 — 48 

61, 146 61 — 

61 — _ 

38, 45, 67 67, 95 67, 95 

89, 95 89, 96 96 


Other amines. 
Methylamine, 88 
Ethylamine, 88 
Propylamine, 88 
Benzylamine, 88 


o-Toluidine, 48 


^ Ber., 1914, 47, 2159. 

ireltScher''^ succeeding tables -COOH groups are indicated by dots over the carbon atoms to which they 
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* Acid or anhydride. Ammonia. 


ohCh-Ohoh 


78 


122 

AcO-CH-CH-OAc 

■— 

87, 145 

87, 145 

87, 145 

EtCH-CHOH 


110 



BrCH-CHBr 

— 

75 

75 


MejC-CH, 

32 

/ 74, 81, 82,1 
\ 90,93 / 

74,82 

74,82 

EtMeC-CHj 



89 

74,89 

89 

Me,C-CHMe 

68 

65,67 

67 

67 

MejC-CMea 

49 

49,74 

74 

74 

(C00Et),(:]-C(C00Et)2 

136 

. — 




^-NapMhyl- 

Aniline. p-Toluidine. amine. Other amines. 

{ Methylamine, 78, 86 
Ethylamine, 78, 86 
Propylamine, 78, 86 
Benzylamine, 78, 86 
a-Naphthylamine, 78 


( p-Chloroaniline, 146 
p-Bromoaniline, 146 
2 : 4-DicliloroaniIine, 145 
2 ; 4-Dibromoaniline, 146 
o-Toluidine, 145 
m-Toluidine, 145 
{ 4-m-Xylidine, 145 


III. The following alicyclic succinimides are known 


ON 

EMeC< I >NH 

iisr 

R = methyl (94, 137) 
ethyl (94, 126) 
propyl (97) 
wopropyl (97) 
hexyl (94) 
benzyl (132) 


ON 

CO 

PhCH,CR< I > 
^C—CO^ 

An 


NH 


f o-Toluidine, 82 
■j a-Naphthylamine, 82 
I Phenylhydrazine, 32 


/Benzidine, 74 
\Phenylhydrazine, 74 


/CH-CO. 

Et,C<; I \NPh 
^CH-CO^ 

(HI) 


R = methyl (132) 
ethyl (132) 
isopropyl (132) 


/CH-CO. 

PhOH<( I )>NPh 
^CH— CO'^ 

(126) 


CH,< 


CMe— CO 


\ 


CH»— CH-CO 

(!h,--CH— CO 
(61) 


^CMe— CO 
(98) 




NPh 






NH 


CH,~CH— COv 

I >NPh 
CH,— OH— CO^ 

(68, 61) 


PhCH— CH— CO. 
phin— in— co^^' 

R = Ph, -NHPh (67) 


/CH,-CH~CO 




CH,— CH— CO 
(61) 




NPh 


CH 




CN 
— cOs. 

ch..ch/‘^(Lco/™' 

An 

(137) 


/CH,.CH, 


* See footnote on p. 63. 
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IV. Maleinimides liave been obtained directly from maleic acids as follows : 


*Acid or anhydride. 




Ammonia. 


Aniline. 


MeC=0H 


EtC=(:3H 

BrC=CH 

ClO=CCl 

BiC!=dBT 

MeC=CMe 

EtO=CMe 

EtC=CEt 

OHMej*C=0Me 

CHMea-CHjOH»0=CMe 

COOH-CHjCHaO^CMe 

PhO^Ph 


4, 27, 43 


21, 26, 99, 118, 133 
62, 116 
117, 121 
111, 113, 117 
117 

I 96 

101 


Other amines. 

■ Urea (fails), 83 
Methylamine, 47, 73 
Ethylamine, 73 
Benzylamine, 73 
Hydrazine, 64 
o-Toluidine, 116 
p-Toluidine, 34 
m-Aminobenzoic acid, 34 
p-Aminodimethylaniline, 34 
Phenylhydrazine, 34 
Halogenated pbenylhydrazines, 138L 
0 -, p-Tolylbydrazines, 136 


p-Aminodimetbylamline, 116 
Urea, 72 
Urea, 73, 133 


— o-Pbenylenediamine, 144 

V. Tie following maleinimides, aminomaleinimides and aminosuccinimides have been 
prepared by indirect methods : 

jj , Prepared from 

^'^l^ydride etc. Amine etc. References, 


Product. 

OH=CH 

io io 
\/ 
NR 

MeO=:OH 

(io (io 
X/ 
NPb 
MeCH— CO 

io io 
\/ 
NPb 


ArNH-C=CH 

io io 
\/ 
NAr 


oh«oh— ch. 


PKNH-OMe— O h, 


R = methyl 
ethyl 
benzyl 
phenyl 


OOOH-CHjG(OH)-CHj 


PhNH-00 

COOEt 


30NHPh 


(heated) 

(heated) 


28, 46 


Propionanilide 


COOEt Ac 

I Ac 
COOEt 

BrOH—OHBr An 

CO CHj 

II An 
COOEt COOEt 

OH-CH— CHOH 

PhNnio ioNHPh 

* See footnote on p. 63. 


Acetanilide 

Aceto-p-toluidide 

Aniline 

Aniline 


(+ PCI 5 ) 


56 
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Product. 

y-07H,NH-C=:CCl 

io io 
\/ 
N-C,H, 

Prepared from 

* Acid or anhydride etc. Amine etc. 

OH-CH— OHOH 

0,H,NHio ioNHOjH, 


Beferences. 

60 

RNH-C=CMe 

io io 
\/ 

NR 

MeOH— OBr* 

R-NH* R = 

■ phenyl 
o-tolyl 
p-tolyl 

p-NMe*-CsH4. 

116 

116 

103, 104, 116 
116 

PhNH-C=CH 

io io 
\/ 

NPh 

Br0=0H 

Aniline 


27, 34 

PhNH-C=CBr 

io io 
\/ 

NPh 

BrO^OBr 

Aniline 


34 

RNH-C=::=CMe 

io io 
x/ 

NR 

CO OHMe 

iooEt iooEt 

R'NH* R = 

hydrogen 

phenyl 

91 

44 

NH*’!!!— — CEt 

io io 

Oo— OHEt 

Ammonia 


91 


\/ 

NH 

RNH'CH— CHj 

io io 

\/ 

NPh 

C1CH~CH, 

io io 

\/ 

PhCO-OCH—CH-O-COPIi 

io io 
\/ 
n-c„h, 

NHa-OMe-^HMe 

io io 

\/ 

NH 


f BrOH— O h* 

J 0h=0h 

1 ohOh— Oh* 

iOH=OH 

0H=0H 


ohOh— Ohoh 


/ Ammonia 30, 33, 76 

\ Aniline 42 

Aniline 122 

Aniline 122 

Aniline (+ PClj) 60 

2 ?-Toluidine (+ PClj) 60 


/ a- and p-Haplithylamines \ 
\ (+ benzoyl chloride) / 


Me0=0Me 


Ammonia 


99 


* See footnote on p. 63. 


SUCCINIMIDES ETC. 


Product, 

PliNH-OH—CHOH 

io io 

\/ 

NPh 

ArN=C CHa 

Ao Ao 

\/ 

NAr 


Prepared fr(m 

* Acid or anhydride etc. Amine etc. 


a-CH~CHOH 


AoO-CH— OH'OAc 


Aniline 


Aniline 

p-CMoroaniline 

p-Bromoaniline 

m-Toluidine 

j)-Toluidine 

P-Naphthylamine 


References. 


87, 146 
145 
145 
145 

87, 146 
87 
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7. From y -lactones and amines: ^ 


-G 

60 

\/ 

O-f-RNHa 


From a study of the behaviour of fifty-one lactones y-, and d-) towards ammonia, H. 
Meyer has deduced the foUowmg rules. The formation of lactam or of hydroxy-amide depends 
only upon the nature of the -OH group in the hydrolysed lactone. If this is tertiary (I, II, III) 

/-y /-N 


R 




-9 


— 5 

C=rC-OH COOH 


■9^ 


_ OH COOH R-C-OH OOOH C=rC-OH COOH HC-OH COOH 

(H.) (in.) (IV.) 

^e lactani IS formed, as also when the -OH is secondary but adjoins an ethylene linkage (IV). 
On the other hand, the product is a hydroxy-amide if the -OH is primary (V) or secondary 
(without the adjacent double bond) (VI) or phenolic (VII) : ^ 

^ ^ ^ 9 /\— n 


HjC-OH ioOH R-inOH COOB. K^y-OE ioOH- 

(VI.) (VII.) 

It will thus be seen that the pyrrole ring wiU only be formed in the case of lactones derived from 
enohsable y-keto-acids (VIII and IX) or from y-hydroxy-acids of the type (X) : 




H 
!0 
(VIII.) 


9 

COOH 


C' 


-9 


CH— CO COOH RjA-OH COOH" 

(IX.) (X.) 

These rules apply only to reactions carried out at moderate temperatures. 

1 Monatsh., 1899, 20, 717-733. 
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Emmert and E, Meyer ^ Lave prepared pyrroKdones by beating valerolactone at 210® with a 
mixture of an arylamine and its bydrocMoride : 


9H2-9H2 r 9H2 9H2-] 

MeCH CO MeCH(OH) CO 

\ / 310" / ^ 

0 I- NHAr J 

(Ar = Pb, 0 -, i)-C,H,-, w-NOa'CjHi.) 


0-E,-CE, 
eCH CO . 


A more complex valerolactone was converted into tbe corresponding pyrrolidone by Leucbs 
and Nagel : ^ 


pH,-9H, 
)0 CH-' 


CH,CH,COOMe 


9Ha~9H. 

—X CO CH- 


CH,CH,-OONH, 


Tripbenylp37rrolones have been obtained by Japp ® from dibenzoylstyrene by tbe action of 
ammonia or amines. Tbe dibenzoylstyrene is apparently first isomerised to tripbenyloroto- 
laotone, wbicb then reacts normally : 


Pli0r=CH 
Pbio (ioi 


XV/ V./X 

ii<3>l3] 


Ph,C — CH 


PbC<y>t!Pb (io [jpb 

{J app and Tingle's 

formula.) 0 

(R = H, Me, Et, -CgH,, "CaHe, -NHPb.) 


Pb,C — CH 


(lo Upb’ 


Japp and Tingle ^ were able to isolate a compound 

PliC==rCH 

1 n— 1 (m.p. 180®) 

Pb(!!<g5>6pb ^ 

wbicb readily isomerised to tbe tripbenylpyrrolone when warmed at its melting point Tbe 
^me compound was obtained by Obveri-Mandalb and Calderaro « by tbe action of Hgbt upon 
dibenzoylstyrene dissolved in alcoholic ammonia. They consider, however, that it has tbe 
structure (XI), and its conversion into tripbenylpyrrolone is figured thus : 


PfiC^nCH 

Pbio ipi 

NH 

(XL) 


PbgC /CH ■ 

IK4 

C~0 CPh 


PbaC — CH 


(io Upb* 


In tbe absence of further evidence tbe lactone explanation seems preferable. 

1 fT’ T ^ ^ 1922, 55, 3954. 

* 1890, 57. 691, 708; Japp and Tingle, ibid., 1897, 71, 1138. 

® Oazz., 1914, 44, ii, 86. 
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From dibenzoylstilbeae (XII) and from tbe isomeric tetrapbenylcrotolactone (XIII) Klinge- 
maim and Laycock i prepared tbe corresponding pyrrolones (XIV) by tbe action of alcobobc 
ammoma or metbylamine at 200° : 


PbC— CPli 
PbCO COPb 


Phg^ GPb 

CO CPb 

\/ 

0 

(XIII.) 


PbaC CPb 

C!0 l:3Pb 

X/ 

NE 

(E = H, Me.) 
(XIV.) 


8. From S-aminoalcohols or y-hydroxy-amides : 


-G 

(bOH 


V. Braun 2 bas prepared a series of w-aminoalkyl benzoates. Those wbicb contain a four- 
or five-carbon cbain undergo rearrangement, either at tbe moment of formation or on distillation 
givmg cycbc quaternary salts ; ’ 


BiCH, 


p2 

!)H2-0-C0Pb 


+XHE, 


CH2 CHg-O-COPb 

\ 

NEo 


CH2-9H2 
CH, CHo 


^-COPb 


Tbe free (S-aminoalcobols have not been prepared. 

Wilson and Adams ^ heated tbe monobydrocbloride of resorcinol 6 is-( 5 -aminobutyl ether in 
tbe hope of obtaining a tbirteen-membered ring; tbe products, however, were resorcinol, tbe 
mono-ether and pyrrolidine ; 


CpHjj— CHa CHa— CH. 


9H2-CH2 

CHa CJHa+OH-CeH.-O-iHa 
NH -bOH-CeH.-OH 


y-Hydroxyamides seem to be equaUy incapable of existence unless tbe -XHo group is fully 
substituted, Anscbiitz * obtained a diketopyrroHdine by tbe action of ammonia upon acetoxy- 
pbenylacetylmalonio ester ; r j 


90 9 H-COOEt 

PbCH-OAc COOEt 


90 — 9 H- 

iC!H CO 


COOEt 


1 J. Q.S., 1891, 59, 142. 

» J. A. C. S., 1923, 45, 528. 


2 Ber., 1916, 49, 966. 

* Ann., 1909, 268, 63. 
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Mesitylic acid, the product obtained by treating with alcoholic KCN a mixture of acetone 
and HCl which has been allowed to stand for eight days ^ was shown by Pinner ^ to be a pyrrolidone 
derivative : 


+ H0N 


ClCMe.- 




(OH)CMe*COOH 


CHg MejC CHg 

ON (OH)CMeCOOH CO OH*CMeCOOH 

\ 

L NH2 


MegC (pHa 

00 CMeCOOH 

\/ 

NH 

Mesitylic acid. 


C— G 

9. From mucic acid : OH*C il*OH 

+ NH2R 

By distillation of ammonium mucate, pyrroledicarboxylic acid and eventually pyrrole itself 
is obtained.^ The conditions for the best yield (42%) of pyrrole have been worked 'out by 
Khotinsky : * 


OH-CH CHOH 

(OOONH4)CHOH CH(0H)-C00NH4 


Ammonium mucate. 


CH— CH 

(COONHjij C-COONH, 

\/ 

0 

Ammonium 'pyromucale. 


CH— CH 

COOH-b' C-COONH. 

\/ 


NH 


CH — ^^OH 

CH C-COONH. 

\/ 

NH 


CH — CH 

II II 

CH CH . 




NH 


Distillation of mucic acid with primary amines gives in the same way N'-substituted pyrroles. 
Methyl-, ethyl- and amyl-pyrroles were so obtained by Bell ; ® phenylpyrrole by Kottnitz,^* and 
the p-tolyl derivative by Lichtenstein.'^ a-Aminopyridine and mucic acid must be heated to 265° 
with AlgOg in order to give iV-a-p}u:idylpyrrole.® 

Saccharic acid gives the same products as mucic acid.*’ 


^ Simpson, Proc. Roy. 80 c., 1868, 16, 364; Ann., 1868, 148, 351. 

2 Ber., 1881, 14, 1070; 1882, 15, 576. 

® Schwanert, Ann., 1860, 116, 257. « Ber., 1909, 49, 2506. 

® Ibid., 1876, 9, 936; 1877, 10, 1861; Proc. Roy, Irish Acad,, 1877, [ii], 3, 33. 

0 J. pr. Chem., 1873, 6, 136; see also Lichtenstein, Ber., 1881, 14, 933; Pictet and Steinmann, ibid 1902 
85, 2529 ; Feist, ibid., p. 1654 footnote. 7 loc. cit. ’ ’ 

8 Tsohitschibabin and Bylinhin, ibid., 1923, 58, 1745; Wibaut and Dingemanse, Rec. trav. chim 1923 42 
9 Bell and Lapper, Ber., 1877, 10, 1961 ; Altmann, Dissn. Neisse, 1874. ’’ ’ ’ 
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C- 


u c 

10. From 1 : 4-diammes ; ^*-^112 ^ 

into 


CH2-9H2 

OH2 CH2*NH2,HCI 

NHj^HCl 


9H-9Ha 

CHg 


NH 


^-MetLylpyrrolidine was similarly prepared by Oldacb 2 

exaiX^t^dly Le‘suX°'‘^* 


CHa CHa 

COOEt-CHBr CHBr-COOEt + 2P™Et 


OHa- 

COOEt-CH 


?H„ 


PbNEt EtjN’Pb 


DH-OOOEt 


9Ha-9Ha 

COOEt-OH CH-COOEt 
\/ 

NPb + PhNEta 

Tbe yield is 62% and no etbyl bromide is formed 


9H2--9Ha 
CHa CHa-NHa 

NHa 


9Ha-9Ha 
CHa CHaNMegCl 

NMegCl 


9Ha-9H 
CHa CH. 

irae 


of ^^inr^lrx^ “ 2-but,Ip^„Uaine b, ibe distillation 


[cH,] 


^NH2,HC1 

'8^HH2,HC1 


Vila— 9Ha 
C^Hj-CH CHa-NHa 
\ 

NH, 


9Ha~9Ha 
C^Hj-CH CHa 

x/ ■ 

NH 


Hess • bas shown, however, that the product has not this sfmpfnm rni, - , . . 

an wobutyl group. not tms structure. The side-chain is perhaps 

i “st *“• >888. 21. 290. 

• £er., 1907, 40, 3873. « Om^(. rmi., . 

.f' , vu, x-±a, 1061 , 143 , 361. « jBer., 1919, 52, 1636. 
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Q Q 

11. From S-halogenated amines ; (il*X 

NH 

Alipibatic bases containing -NHa and halogen in the 1 : 4-position exist only in the form of 
then salts. On hberation of the base it at once condenses to a pyrrole derivative ^ For this 

the phtMmide method may be need, or the halogen may be L^uced bt te 
hydrolysis of a suitable phenoxy-compound : ^ 


C10H2CH20H,-CN- 


KaOPh 


-> 


PhO-CHaCHaOHa-CX 
(80% yield.) 


Xa+alo. 




PhO'CHsOH^CHjOHjNH, 


oono. HOI 


180 - 185 ° 


> 


CHa- 

CH, 


\h2,hci 

(100% yield.) 


(75% yield.) 

iHa 
IHgCl 


KOH 


9Ha— 9Ha 
CHa OHa 

\h 

(40-50% yield.) 


Joep BeacRe 2 obtained a much greater yield (83%) by using fuming HBr in place of 

cono. HCTand isolati^ the product as benroyl derivative. The method thus modified is Liable 
for the preparation of large quantities of pyrrolidine.® 

The phthahmide method was employed by E. Fischer « in his synthesis of prohne : 

riA ^ 

C^6H4<QQ>N*CHaCH2CH2Br -|- NaCH(C001t)2 — 


Br 


0aH4Oa:N-[CH2]3-CBr(0OOEt)2 


alc. KH, 


C8H40a:N-CH2CH2CH2CH(C00Et)j 


uncrystallisable 

bases 


OHa CH-COOH* 

\/ 

NH 

I^ToXvTtQ 

Sbre^en and .^deraenS substituted alcoholic NaOH for the aloohohc NH, and obtained an 
unsaturated phthahmmo-acid which was easily converted into proline : 


C8H402:N-[CH2]3-CBr(C00Et)j 


alc. HaOH 


CsH^OarN-CHaOHaCHICH-COOH 


'8^4^2 

SCI CH 


7—2 

CH, 


alkali 


\ 

NH2,HC1 


CICH-COOH 


Pa-CHa 

3 H 2 CH-COOH 

NH 


hav“rZ£ty“n““ ^ ““ ™ ^ 


CHjrCH-OHaOHaCOMe 


CHarCH-CHaCHaCMerN-NHPh 


sodium 

amalgam 

+ acetic acid 


> CH 


CH.a~CHa 
>:C11 (JHMc 


/ 

NHa 


HOI 

) 

130 ° 


1 Gabriel, Ber., 1891, 24, 3233. 

® See, further, Putochin, ibid., 1922, 55, 2742. 
® Z. physiol Chem., 1908, 56, 236. 


9H2 NaOH 

CHa-CHCl CHMe > 

/ 

NH2,HC1 


9h,-9H2 

MeClH CHMe 

\ / 

NH 


2 Ibid., 1906, 39, 4120. 

* Ibid., 1901, 34, 454. 

® Ann., 1891, 264, 317, 327, 332. 
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Ring-closuie even occurs in the case of the corresponding tertiary amine (I), the product being 
a pyrrolidinium chloride (II) : 


MeCHOl 

/ 

NMeg 

(I.) 


CH^ 

CHMe 


CH,- 

MeCH 


-?H2 
CHMe 

\/ 

NMeaCl 

(II.) 


9 Ha-CH2 

MeCH CHg 

\Me2Cl 

(III.) 


From CHa'CH-CHa’CHa-CHa'NMeg, the product of the exhaustive methylation of piperidine, 
Merling in the same way obtaiued the compound (HI). No ring-closure occurred, however, with 
the unsaturated base from a-pipecoline, CHa.'CH-CHaCHgCHMe'NMea ; the methyl group 
adjacent to the 'NMca appears to exercise steric bindrance. 

Jacobi and Merhng ^ have described similar syntheses leading to the following pj’rrolidines : 


Me< 


fHa— 9HMe 
k CHa 

\/ 

NMeaCl 


MeaC 


CH, 


NMe 


CHa— (:HMe 
Me(JH CHMe 

\/ 

NH 


?Ha- 

MeCH 


^H-CHaCHICHg 

IHMe 




The new prohne synthesis ^ makes use of aminomalonic ester for the preparation of the 
d-amino-halide : 


-CHaBr 


9Ha 

CH2Br + NaC(COOEt)2 
NH, 


9H2-9H2 
CHa C)(C00Et)2 

\/ 

NH 


proUne. 


Some anomalous cases are described by Benary and Lau,® who find that a-chloroacetyl-jS- 
ammocrotonitrile (IV) cannot be converted into the pyrrolone. The corresponding anilino- 
nitrile (V) requires aqueous-alcoholic KOH, while a-chloroacetyl-^-aminocinnamio nitrile (VI) 
yields with KOH a bimolecular product (VII) : 


0N-^(1 CO 

MeC CHaCl 

\h 2 

(IV.) 


CN-C 90 

Me'(3 CHaCl 

\ 

NHPh 

(V.) 


CN-C 90 

Ph'd CHaCl 

\h 2 

(VI.) 


CN-C- 

I • 

PhC 




NH 


-C-CN 
ka CPh* 

NH 


(VII. 


The methyl ester (VIII) corresponding to (V) and also the simpler ester (IX) give pyrrolones 
when treated with alcoholic KOH : * 


COOMe-C 90 

MeC CHaCl 

\ 

NHPh 

(VIII.) 

1 Ann., 1894, 278, 8, 10, 13, 16. 
8 M., pp. 591-697. 


COOEt-0 90 

CH CHaCl • 

\ 

NHPh 

(IX.) 

Putochin, Ber., 1923, 66, 2213. 
Benary and Konrad, iUd,, pp. 47, 60. 
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-ftaube, Johow and TepoU * liave prepared hydroxyproline by the foUowing series of reactions : 

/^TT _ 


OOOEt-CH— 9H2 


CO CH-CHaCl 

V 


NHaCO-GH— 9 H 2 

CO CH-CHaNHa 

V 


C 00 H- 9 H-CH,CH-CH^H, 
CO 0 


Br 


CHa 

•(!ih*( 


-CH 


yO' 


AgOH 


BrOH-CO CH 

. ♦' NHa 


CH 2 — CHOH 

cooh-Ah dlHo 
X// 

NH 

Hydroxyproline. 


The complex pyrrolone obtained by Kiister and Maag 2 should also be mentioned here : 


NHaCMelCH'COOEt — > NH.jCMe'Cc'^^^®^ 


CO-CH,CI 


(X) + (XI) 


(X.) 

NHa. CIC 90' 

^CMe=C-COOEt 


-> NH,0Me:0<“;g^^ 

(XI.) 

OHCMe:C<^^~^jj 

NH<r^ 9^ 
CMe=C-COOEt 

(10% yield.) 


V-i 

12. From a : S-dihalides : X-dj 

+ NH 2 R 


G 


THs IS a natural extension of the foregoing method. Scholtz and Friemelt* condensed 

Lf'S except in the 

case of ortho substituted arylamines, the corresponding pyrrolidines : 




McOhL BiJh! 




9Ha-9Ha 
MeCH OHa 
\X 

NAr 


+ NHaAr 

(Ar = Ph, P-C7H/, m-XOa-CeH^.) 

o-Toluidine and o-nitroanihne, as with xylylene dibromide (see p. 150), give diamines but no 
ring-compounds. From piperidine a 5^iro-quaternary bromide is obtained : 

9®^2'CHMeBr , CH 2 CH 2 .^QTr ^ 9H2’CHMe.. -yr CHn*CH 

CHa-CH^Br ^ n-cT >CH 2 i 2 


XH 2 CH 2 '' 


fa, 


■CHa'^pCHa-CHa^^^^- 
Br 


A similar s^?^ro-compound results from the condensation of tetramethylene dibromide and 
1 Ber., 1923, 66, 1861. 2 ^ p 3 ^ 
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copellidiiie.^ From this, pyrrolidine is conveniently obtained hy treatment with ammonia 
followed by distillation : 


Et 

CH,-CHaBr , 

Me 

CopeUidine. 


CHj-CHj I OHMe-CH, 




CHa-CHo-NH-i CH,- CHEt. 

I i ^ >CHa -> 

CHa-CHa-iNH.CHMe-CHa/ 


Br 


CHa*CH, 


(^Ha-CI-Ia^ 
Pyrrolidine 


av .C%CHBtv 

>nh + nh<; 


UopdUdine, 


Quantitative yields of Y-phenyl- and Y-antipyrinyl-pyrrolidmes have been obtained by 
V. Braun and Lemke ® from tetramethylene dibromide : 


CHa— CHa 
BrCHa CHaBr 
+ NH2R 


CHa— CHa 
CHa CHg. 


11 = Ph 


MeCrrrrc— 

or CO NBIe 

\/ 

NPh 


The unsaturated a : 6-dibromo-A^-butene (I) gives much smaller yields (40%) in th®M caaes. 
With dimethylamine, it gives a small amount of the methobromid© of 1 -methyl-2 : 6-dihydro- 
pyrrole : 


CH-=:CH 




BrCHa OHaBr 

(L) 


NHUc, 
^ 


CH=CH 
CHa CHa * 
\/ 
NMcsBr 


Willstatter and v. Sicherer ^ prepared 3-methylpyrrolidine-2 : 6-dicarboxyiic acid by heating 
a : a'-dibromo-^-methyladipic ester with methyl-alcoholic ammonia at 140®, the resulting 
amides being hydrolysed with baryta : 


MeCH- 


, -^Ha 

COOEt-CHBr BrC(COOEt) 
+ NH3 


140 * 


baryta, 
>- 


MeCH— CHg 
COOH-OH CH*COOH 

\h 


The reaction was applied by Willstatter^ to the synthesis of proHno and of hvgric acid from 
a : o-dibromopropylmalonic ester : 


CHa 

CHaBr BrC(COOEt)2 

+ NH2R 


14U* (pHa — 9^2 iroi or 

CHa C(CONHR)a 


CHa-CHg 
CH, Cih 


NR 


(R — H for proline, Me for hygrio acid.) 




COOH 


I n 1^23, 66, 1564. 

loidf, 1922, 55, 3556. s Jhid I SOQ so 1 <001 

* im.. 1900, 33, 116*; WillBtMtOT and Ettlinger, iMi.. 1002, 35. (i20;^!ltt«., 1003, 8M, 01. 
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a : a'-Dibromoadipic ester reacts similarly with, methylamine in benzene at 135°, and an 
80% yield of l-methylpyrrolidine-2 : 5-dicarboxylio acid (II) is obtained on hydrolysis. The 
corresponding tetracarboxyhc ester (III) reacts much less smoothly : ^ 


CHa— CHa 

COOH-CH CH-COOH CHg CHg 

(COOEt) 26 Br BrC(C00Et)2- 

(Ih) (III.) 

a : a'-Dibromoadipic ester has recently been used by v. Braun and Seemann ^ for the preparation 
of iV-substituted pyrrolidines required for the synthesis of morphopyrrolidines : 

CHa CHa QHg— 

COOEt-CHBr BrCH-COOEt — ^ COOEt-CH CH-COOEt • 

+ NH,R 

(R = Me, -CHaPli, Ph.) 


The 5-chlorovalerolactone-a-carboxylic ester (IV) obtained from epichlorohydrin and sodio- 
malonic ester,® has been used by Leuchs^ for the preparation of hydroxyproline and its 
iV’-methyl derivative : 




Cl-CHa-CH-CHa + NaCH(COOEt)2 —>• 
ClCHa-gH-CHa-gCl-COOBt 


ClCH2*gH-CH,-gH-C00Et^j^j ^ 




> UH OH, 

CICH2 cicH— go 


NH, 


()IL 


(66% yield.) 


(R = H, Me.) 


.R C'H“CH. 
CE^ CH- 

\/ 

NR 

(64% yield.) 


2 V.XX-C 00 H 

NR 


The compound BrCMea-CHa-CHa-CMeaBr gives very little tetrametliylpyrrolidine (V) when 
treated with alcoholic NH 3 at 100°, the main product being tetramethylbutadiene (VI) : * 


OH 2 CH 2 

MegCBr BrCJMca 


9H ~9H, + CH-CI-I 

ptTir. I "n.r Vn 

NH 


MeaCs^^CMca ' Me^C tiMeg 


(Little.) 

(V.) 


(Main product.) 

(VI.) 


^ Willstatter and Lessing, Ber., 1902, 36, 2067, 2071. 

2 lUd., 1923, 56, 1840. 

® Tranbe and Lehmann, ibid., 1899, 32, 720; 1901, 34, 1971. 

* Ibid., 1905, 38, 1937 ; Leucha, Giua and Brewster, ibid., 1912, 
52, 2090; Leuchs and Felser, ibid., 1908, 41, 1732. 

s Pauly and Hiiltenschmidt, ibid., 1903, 86, 3357, footnote. 


45, 1960; Leuchs and Bormann, ibid., 1919, 
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13. From the bromyl derivatives 


of butylamines ; 


C- 


-c 


in. 


NRBr 


In tbiq synthesis, which is due to Loffler,^ bromine is introduced into a secondary amino 
group and the ring is closed by treatment with cone. H 2 SO 4 : 

CH—OHa 9H2— QHa OHa— OH2 

CHa CHg QH2 CHg CHg CHg 

\ ^ \ ^ \/ 

felMe NMeBr ]SrMe,HBr 


The methylalkylamiaes are conveniently prepared by the reduction, with sodium and alcohol, 
of the product obtaiaed.by the action bf methylamine upon the appropriate ketone : 



NHjMe pH 9H2 

> RC OH2R 

\ 

NHMe 



9H2-CH2 
RCH CHoR . 
\ 

NHMe 


Dipropyl, ethyl propyl and methyl propyl ketones, and also wobutyraldehyde, have in this way 
been converted into pyrrolidines. The reaction failed iu the case of normal amylmethylamine, 
neither a pyrrolidine nor a piperidine being formed. 

Lbffler and Kober ® used this method ia the partial synthesis of nicotine from metaniootine : 


CH— 9H2 
loH CH2 
/ 

NHMe 
“ Mstamcotine.'' 





Nicotine. 


Attempts to prepare 3-|5-methylaminobutylpyridine (I) for a new complete synthesis of nicotine 
were xmsuccessful : 




N 


pHg— OH 
CH CH 
\ 

NHMe 


(I.) 


2 

3 


A further interesting application of Lbffler’s method is described by Ruzioka,^ who 

1 Loffler and Freytag, Ber., 1909, 43, 3427; Loffler, Freytag, Lukowsky and Bobilov, ibid., 1910, 48. 
2036-2047. 2 ml, 1909, 42, 3434. 

® Eelv, Ghim. Acta, 1921, 4, 491, 
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employed it for the oyolisation of i ; d-methylamino-ji-valeroylqumoliiie, a synthetic aliphatic 
qumatoxine : 


kA. 


CHa 


CHa 



/\ 

9Ha 9Ha 

1 

o 

o- 

- 9 H CHa 

CO CHa - 

-> /x/x 

CO CHa 

\/ 

1 1 1 

X/ 

NMe 

x/xx 

•XT 

NMe 


/X/ 


CH,-CH, 
CO— OHa CHa 

1 NHMe 


\/\ 


00— CHa CHa 

/\/\ / 

I Y I Br-NMe 

\/\/ 


OHa-OHa 
)0— OH CH, 


I I NM6 

\/\/ 

N 


c— c 

14. From y : 8-unsaturated amides : 

/ 

NH 

AJlylwobutyroplieiioiie was found by Haller and Bauer i to react with sodamide to form 
2 ; 4 : 4-trimetbyl-6-pyrrolidone. Tbe pbenyl group is first displaced by -NHlTa, and ring- 
closure follows by addition at tbe double bond of tbe allyl group : 


9Ha OMea NaNEj 

CHarCH COPb ^ CHa: 


OHa— OMe 
,:CH CO 
/ 

NHNa 


OHa— OMe-a 
CH,-CH CO 


A similar ring-closure occurs wben tbe amide of muconic acid is beated witb ammonia ^ 

HHa NH 

/ /\ 

00 0H=9H CO OH-CHa 

CH=CH CO CHo— CH CO • 


90 9H— (pHa 

CHa— CH 00 

\/ 

NH 


Ann. CMm„ 1913, [viii], 28, 373; Compt. rend., 1914, 158, 1086. 


2 Kobl, Ber., 1903, 36, 172. 
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15. From •y-aminonitriles : ^ 

NH2 

Tlie dimexide of cyanacetic ester condenses with, iodoacetonitrile in the presence of NaOBt 
to form a j^-aminonitrile, which under the conditions of the reaction undergoes isomerisation at 
once to a pyrrole derivative : ^ 




IHal , Na- 9 H-C 00 Et 
!N ■ 


C*CH(ON)-COOEt 

NH 


CHa— CH-OOOEt 
CN C:C{CN)-COOEt 

/ 

NH2 


9H2— OH-COOEt 
nh:c o:c(ON)-oooBt. 
X/ 

NH 


When the immo-group is removed by hydrolysis, the compound assumes the pyrrolenone form : 


9H2— 9 H-COOEt 
nh:c c:c(CN)-cooEt 

\/ 

NH 


Hg— 9 H*COOBt 
!0 C-CH(CN)-COOEt . 

V 


A sinidar intramolecular condensation between *NH2 and ‘ON groups probably occurs when 
diacetonamine hydrochloride is treated with KCN : ^ 

9H2— 9MeOH 
MejC CO 

\/ 

NH 


OH2— COMe 

EON 9H2-C 

)MeOH 

9H2-5 

)MeOH 

5 

> MegC C 

IN _ 

-> MeoC C 

!:nh — > 

\ 

\ 


\/ 


NH2 

NH2 


NH 



CO CH 

16. From a-aminoketones and ^-ketoesters, etc. ; 

N 

This very general synthesis is due to Khorr,* who reduced wonitrosoketones in the presence 
of acetoacetic ester with zinc and acetic acid : 


R90 

rc:noh 


, 9H2-OOOEt 
COMe 


R90 |:5H-COOEt 

RCH CMe 

\/ 

NH 


R-f] — C-COOEt 
RC CMe 

\/ 

NH 


The isonitroso-body is reduced first to aminoketone, which at once condenses with the keto-ester 
to give an aminocrotonio ester. This loses water and the pyrrole is formed. 

1 Best and Thorpe, J. a 1909, 96, 1606; 1910,97, 1299. 

2 Heintz, Ann., 1877, 189, 231 ; Weil, ibid., 1886, 232, 209. 

» Ben, 1884, 17, 1638 ; Ann., 1886, 236, 317. 
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A careful investigation of the reaction by Knorr and Lange ^ showed that better yields were 
obtained in all cases when the aminoketone was separately prepared and condensed with a 
^-keto-ester or ^-diketone in the presence of acetic acid. Thus acetoacetic ester with isonitroso- 
acetophenone gives a 66% yield, compared with 100% from aminoacetophenone. Benzoyl- 
acetone gives only^ 4-6% yield with wonitrosoacetophenone, but 38% with the aminoketone. 
The reaction fails in both cases with oxalacetic ester, acetylpyruvic ester, dibenzoylmethanes, 
formylacetone, phenylacetone, diphenylacetone, phenylglyoxal and desoxybenzoin. 

From acetone and isonitrosoacetophenone (or aminoacetophenone) the intermediate 
phenacyKsopropenylamine is obtained, and this must be treated with cone. HgSO^ in order to 
convert it into the pyrrole : , 


PlXfO fJH, PliO— 

CH.ITOH OOMe ^ OH, CMe OH CMe 

\/ ^ \/ 

NH te 

The same behaviour is observed when wonitrosoacetone is reduced in the presence of acetone or 
ojt methyl ethyl ketone. 

The use of alkali in place of acid for the condensation of a-aminoketones with )l9-keto-esters 
was introduced by Piloty.^ This modification enables the method to be applied to oxalacetic 
and acetylpyruvic esters. Thus aminobutanone and oxalacetic ester in the presence of ISTaOH 
give a pyrrole unobtainable by Knorr’s method : ® 


PhCO 

CHo 


MeCO 

MeOH-NHo 


VCOOEt 

•COOlt 


MeC — C» COOEt 
Med C-COOH 

\/ * 
NH 


The a-carbethoxy-group is always hydrolysed to ‘COOH when NaOH is employed as condensing 
agent. 

The condensation, even with acetoacetic ester, occurs only slowly in alkaline solution. Amino- 
acetone and acetoacetic ester gave a 26% yield after several days ; aminoacetone and acetone 
yielded 60% of 2 : 3 : 6-trimethylpyrrole in two months. 

The /S-acylpyrroles obtained by Emorr and Piloty’s methods readily lose the acyl group on 
hydrolysis with sulphuric acid. For the synthesis of pyrroles having a free )9-position it is 
unnecessary, therefore, to use methyl ketones of the type MeCO'CHgR (which give poor yields and 
a mixture of two isomerides) ; a symmetrical diketone, BCO’CHa’CO'R, is employed and the 
^-acyl group afterwards eliminated. In this way H. Fischer and Bartholomaus * synthesised 
2 : 3-dimethyl-5-ethylpyrrole from ^sonitrosobutanone and dipropionylmethane : 


MeCO 


Me&NOH 


?H,*COEt 


Me-ji^fJ-COEt 
Med CBt 
\/ 


Me(:j— fJH 
Med dEt, 


(27% yield.) 


1 Ber., 1902, 35, 2998-3008. 

® Piloty and Blomer, ibid., 1912, 45, 3760. 


a Ibid., 1910, 43, 493. 
* Ibid., 1983. 
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Even with this precaution, however, secondary products may be formed. From aminoaceto- 
phenone and acetylacetone Almstrom obtained, not only 2-methyl-3-acetyl-4:-phenylpyrrole (I), 
but also a small amount of 2 : 4-dimethyl-6--benzoylpyrrole : ^ 


PhCO , CHg-COMe 
OHa-NHa COMe 


Ph(pO 
OH. 

\7 

NH 


fJH-COMe 

CMe 


PhC — C-OOMe , MeC CH 

te 8Me +PKCO-8 6ke. 


\/ 

\/ 

NH 

NH 

(I.) 

(11.) 


i.e. either the benzoyl- or the acetyl-carbonyl may take part in the final dehydration. 
The reaction has been extended by Almstrbm^ to secondary a-aminoketones : 


PhOO , CHa-COPh PhCO CH-COPh PhC C-COPh 

CHa COMe CHg CMe CH (JMe . 

rapii \ph 'roil 

The intermediate tertiary aminoketone may in certain cases be isolated by performing the 
condensation without a solvent; the pyrrole is obtained when this intermediate is heated with 
acetic acid : 


PhCO 

CH, 


+ 


OHa-C 

CO-R 


COOEt 


PhCO 


\ 


HMe 


CH-COOEt 
ka CR 

X/ 

NMe 


PhC — C-COOEt 

aoid CH Ur 

\/ 

NMe 


(R = Me or Ph.) 


The condensation of phenacylaniline with benzoylacetic ester takes an abnormal course : 


PhCO , (fHa-COPh PhC q-COPh 

CHa COOEt Uh C-OH 

\ \7 

NHPh HPh 


Pyrrolones are similarly formed from ^-tolacylaniline and benzoylacetic ester and from phenacyl- 
/9-naphthylamine and acetoacetic ester. 

An interesting application of the Knorr-Piloty method is the synthesis of the various alkylated 
paroles obtained from haemin (the first depadation product of haemoglobin) by reduction 
with hydriodic acid and phosphonium iodide in acetic acid. These haemopyrroles may also be 
prepared from chlorophyll.^ 


1 Ann,, 1916, 409, 302. 

* Ihid., pp. 291-305; 1916, 411, 350-382. 
® Almstrom, p. 363. 
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Of the seven hsemopyrroles four have been synthesised and a fifth is probably identical 
with H. rischer and Bartholomaus’ 2 ; 3-dimethyl-4 ; 6 -diethylpyrrole : ^ 


MeO — CEt 
OH OH 

\/ 

NH 


MeO OBt 

MeC '6r 

x/ 

NH 


Me-C — pEt 
OH CMe 

\/ 

NH 


— (!;^Et 
MeCi CMe 

\/ 

NH 


a. 


Mefj— OEt 
MeC CEt. 

x/ 

NH 
9 0)- 


Haemopyrrole a was synthesised from methylethylmaleinimide by distillation with zinc dust and 
lime .2 For hsemopyrrole h Piloty and Blomer ® condensed aminobutanone with acetylpyruvic 
ester (pyruvic ester fails to give a pjorole), the acetyl group beiag subsequently reduced by 
Wolff’s method : 


MeCO , OHa-COMe 
MeCH-NHg CO-COOEt 


Mef^ — C-COMe 
MeC d-COOH 



Mef] — fj-COMe 
MeC CH 



N-NHa 

MeO — C:CMe 
MeC CH 


X/ 


NH 


moEt 




MeC — C-CHoMe 
MeC CH 


X/ 


NH 


Hcemopyrrole b. 


By a si mi l a r synthesis from wonitrosoacetone and acetylacetone, Knorr and Lange ^ obtaiued 
hsemopyrrole c (H. Fischer’s cryptopyrrole). Hsemopyrrole d (WiUstatter’s phyllop 5 iTrole) may 
be prepared from cryptopyrrole by methylation with NaOMe at 210-220°,® or it may be synthesised 
from wonitrosoethyl methyl ketone and acetylacetone, the acetyl group being reduced to C 2 H 5 
with sodium amalgam : ® 


Me^O 

MeCiNOH 


(pHa-COMe 

COMe 


Mep p-COMe 

MeO bMe 



MeC p-CHaMe 

Med CMe 


xx 


NH 


Hcemopyrrole d. 


Hsemopyrrole e is probably 1 : 3-dimethyl-2-ethylpyrrole ; the structures of e, / and g are not, 
however, determined with certainty. 


1 Ber., 1912, 45, 1983. 2 Grabovski and Maroblewski, ibid., 1914, 47, 2169. 

® Ibid., 1912, 45, 3760. * Ibid., 1902, 35, 3001; Willstatter and Asahina, ibid., 1911, 44, 3707. 

® H. Fischer and Bartholomaus, ibid., 1912, 45, 469. ® Colacicchi, B.A.L., 1912, [iv], 21, i, 489. 
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Tlie phonopyrrolecajboxyKo acids a, b, c and d occur with the hsemopyrroles in the reduction 
product of haemin and have the following structures : 

MeC — C«CH8CH.C00H 
CH GMe 

\h 

&. 

MeC — C-CHsCHaCOOH 
Med dMe 

d. 

Their relationship to the h 8 Bmop 3 u:roles is obvious. 

The synthesis of these acids presents difficulties which have not yet been overcome, though a 
dimethylpyrrole-2-propionio acid has been prepared by H. Fischer and Bartholomaus : » 


MeO — C-CHaCHjCOOH 
Med dn 

\/ 

NH 

a, 

MeC — C-CHaCHaCOOH 
dH dEt 

\/ 

NH 


COOEt-OH.-OH.I + NaCH<Q°Q°j -> COOEt-CH.-C!H,.CH<^°Q®j 

MeQO +acetoaoetlo 
■> 


MeC — C-COOEt 


COOEt*CHa-CHa-C:NOH ^ estor / COOEt-CH,-CH,‘C dMe 


+Za+acotlc 




MeC™‘’CH 

COOEt-CH,-CH,-e OMe. 




Pyrroles have been obtained from the following tsonitroso- or amino-ketonea i 


iBoNiirosohetone. 

MeCO 

Condemed with 

rm. 

Be/ermces. 

Ah:NOH 

f Aoetylaoetone. 

83% 

m% 

6, 8 

\ Aoetoacetio eater. 

6 

MeCO 

C Aoetylaoetone. 


9, 10 

MoA:noh 

Dipropionylmethane. 


12 

[ Aoetoacetio ester. 

1 

MeCO 

I 1 

f Dipropionylmothane. 


17 

Et-C:NOH ' 

[ Aoetoacetio ester. 

7, 10 

EtCO 

! ■] 

f Aoetylaoetone. 



66-60% 

16 

MeC;NOH ' 

[ Aoetoacetio ester. 


10 

MeCO 


Aoetoacetio ester. 



JPr-C:NOH 

MeCO 

MeCO-C;NOH 

Aoetoacetio ^ter. 

— 

3,4 

PhCO / 

' Aoetylaoetone. 

40% 

6 

Ahinoh I 

Benzoylaoetone, 

46% 

6 

Aoetoacetio ester. 

56% 

0 

, Aoetonedioarboxylio ester. 


6 


1 Ber., 1912 , 45 , 1926 . 
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iBO-Nitrosdketane. 

PhCO 

PhiNOH 

MeCO 

COOEt-(|j;NOH 

MeCO 

PhNH-CO-(i:NOH 

COOEt-CHj-CO 

COOEt-(!);NOH 

MeCO 

COOEt-CHa-(!:NOH 

MeCO 

COOEt-CHjCHaJ.-NOH 

a.-AminoTcetone. 

MeCO 

dlHa-NH, 

MeCO 

Mecin^NHa 

EtCO 

Medn-NHa 

PhCO 

dlHa-NHa 

HCO 

MedlH'NHMe 

PhCO 

dHa-NHMe 

PhCO 

dna-NEPh 

P'CvHa-CO 

dsa'NHPh 


Condensed with 

/ Acetylaoetone. 

\ Acetoacetic ester. 

{ Acetoacetio ester. 
Acetoacetic anilide. 
Acetylacetone. 

/ Acetoacetic ester. 

\ Acetoacetio anilide. 


Acetonedicarboxylic ester. 


Acetoacetio ester. 


Acetoacetic ester. 


Condensed with 
f Acetone. 

Methyl ethyl ketone. 
Diethyl ketone. 

' Acetophenone, 

Acetoacetic ester. 
Oxalacetio ester. 

, Acetylpyravic ester. 

{ Acetone. 

Methyl ethyl ketone, 
Oxalacetio ester. 
Acetylpyruvic ester. 

Oxalacetio ester, 

'' Acetone. 

Acetylacetone. 

Benzoyl acetone. 

- Phenylacetone. 

Acetoacetic ester. 
Aoetonedicarboxylic ester. 
, Acetylpyruvic ester. 

Aoetonedicarboxylic ester. 


/ Acetylacetone. 

\ Acetoacetic ester. 

{ Acetylacetone. 
Benzoylacetone. 
Acetoacetio ester. 

{ Acetylacetone. 
Benzoylacetone. 
Acetoacetic ester. 


Yield. 

Beferences. 

68%' 

6 

26% 

6 

30% 

1,2 

— 

2 

— 

3,4 



2 

— 

2 

— 

6 

39% 

11 

48% 

11 


Yield. 

30% 

28% 

References. 

15 

16 

16 

15% 

16 

— 

16 

— 

16 

— 

14 

60% 

16 

small 

16 

— 

13, 16 

' — 

14 

— 

13 ’ 


6 

100% 

6, 18 

38% 

6 

trace 

6 

100% 

6 

9% 

6 

trace 

6 

— 

20 


18 

— 

19 

70% 

18 

40% 

18 

46% 

19 

26% 

18 

14% 

18 

— 

29 
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JR^erenus. 

1 Knorr, Ber., 1884, 17, 1638. ® Idem, Ann.^ 1886, 286, 317. * Z&netti, J?, A, J&., 1®3, W, S, L 

* Zanetti and Levi, Gazz., 1894, 24, i, 646. ® Feist, Ber., lk)2, 86, 1^. « Knoir iwkI Layofle, iWd., 

pp. 2998-3008. ’ Knorr and Hess,* ibid., 1911, 44, 2761-2767. » Wttlatltter and A»Ka, M., 

p. 3707. ® H. Fischer and Bartholonaaus, Ztschr. phi/aioL Chem., 1012, 77, 186-201, OolakooM, 

JR. A. L., 1912, [iv], 21, i, 489. H. Fischer and Bartholomans, Bm, 1612, 46, 1625. « Idm, iWd,, 

p. 1983. “ Piloty and Wilke, pp. 2687-2691. ** Pilotyand Bldmer, ibid,, p. 3760. Pilotyaad 

Hirsch, Am., 1913, 896, 66-74. Veochi, Oazz., 1914, 44, i, 473-479. It. Fiaoher and Eiimayw, 

Ber., 1914, 47, 1826. Almstrom, Ann,, 1916, 409, 291-306. ” /dew, ibU,, 1916, 411, 36L 864, ml. 

“ Willstfttter and Pfannenstiel, ibid., 1921, 422, 10. 

* Certain products axe wrongly named in this paper : 

p. 2763, should he 2 ; 4-dimethyl-6-©thyl-pyrrol©.3-carl)oxyIic i»ter. 
p. 2764, should bo 2 : 4-dimothyl-6-propyi-|)yiToIe.8-oaxboxylio aster. 


GH CO 

17. From p-aminocrotonic ester j c qji 

\/ 

N 

This method, due to Feist and Stenger,! was suggested by Knorr’s syntbema from womtroio- 
ketones, but is of very limited application. /9-AminocTotomo ester was condensed with benKoia 
at 110 and the product was heated with a little EdlSO^ at 140~160® to close the ring i 


COOEt‘OH , COPh 

CMe CH(OH)-Ph 


COOBt-CH COPh 
Med CHPh 

\/ 

jNH 


COOEt- 


Med 


3Ph 

IPh' 


\h 


(43% yield.) 


Feist and Stenger next tried a-diketones in place of benzoin. Diketosuccimc ester was hwted 
with ^-aminocrotonic ester and a Uttle KHSO^ to 130-140^ and the product reduced with line 
and acetic acid : 


GOOEt-OH , CO-COOEt 
Med ■^(lO-OOOEt ~ 
\ 

NHa 

“ Dioxytartark ester,'' 


''COOEt-gil CO-COOEt 
MeC C(OH)*C 




(OH)*COOEt 


r 


COOBlt-fJ— C>C001t 
MeC d'COOlt’ 




™ Diaoetyl, benzil and phenanthraquinone all faded to give satisfactory 


1 Ber., 1902, 36, 1669. 


CN»€II X-€ 

19, From ** iJiiiitrites and a-hydmxyacidi j ,C ^ X»€ 

Bftnj^aac^tiKltaitrHi! {// nmino./i.jiheiiyljirrylic jiitrilf) iumtlnmm witli iimiidclk or kctic «r 
t{» form ft ^*pym>lrm0 : * 


{'Nf;ii . t'ooH 
i»wf mmm 

\ 

mi. 




iniV riilt ‘ 
\ / 
mt 


ill .M«’ or Fh.) 


Tiic rfiicticm takw a diflorfiit roiirHo in tho raso «*f p tohinn-fiMiiiiitrili*. tin* |:.r«ii!ii i»rifig iirrr i 
«-pjrroIoa® ; 


f’x-Cj'Ha , on-aiie 
^ nKiH 


-p- 


vmv— 

\, 


•ciiii 

('ri 


* Gtbrw, ikr,t mm , «, i m. 


* Idrm, itmL, Ittil, 44, 6,\ 


K, V. ^fryrr, J. /v. 1»I4, tQ, 
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This difference is possibly due to a difference in the proportions of the two forms of the dinitrile 
present : • 


__ CN-OHa 
ArC-NHa ^ ArCINH ‘ 

(I.) (11.) 


If (II) predominates, the reactive ‘Clla* group will have the greater chance of reacting with, 
the alcoholic ’OH group and an a-pyrrolone wiU result. 


CH COCl 

20. From acylated anilines and oxalyl chloride: CO CO 

\/ 

N 

The action of oxalyl chloride upon propionanilide and upon phenylacetanilide has been 
studied by Figee.^ The products are triketopyrrolidines : 


IKpHa , 9OCI 
CO “^COCl 
\ 

NHPh 


RCH 

dio 


/ 

NPh 


(K = Me or Ph.) 


01 r , R CO CH 2 CO R 

21 . From 5 -methyl- and 5 -phenyl -isooxazoles : CO 60 

\/ 

NMe 

ehak f S-phenylmoxazole (I) reacts also in the form of the open 

(III) : ^ hydrolytic conditions this readily passes into the /J-ketoamide 


CH— OH 
PhC 

0 

(I.) 


CHa-p-X 
PhCO NMe 

(H.) 


H,0 


■PliOO NMe 




:Ha --90 


PhCO MUe 
(III.) 


1 ■ x i 


• IUo. tm,. ohm., ms. 34, 289-826. e cton, Ber.. 1909, 48, 67. 


® Ibid., 1912, 45, 3162. 
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ROO-CHg COOK 
CO CO 

\/ 

NMe 


product being l-metbyl-3-benzoyltriketopyrrolidme. 
similarly : 

ECO-CH^ , COOK 

fo + 60OK - 

\ 

NHMe 
(HL) 

Sodium pyruvate reacts with. phenyKsooxazole 
benzoylmethylmaleic methylimide ; ^ 

PhCO-9H2 90 Me 

CO “'"cOONa — > 

\HMe 

From sodium cinnamate only the imide (IV) was 
isomerise to the succinimide (V) : 


5-Methyh'sooxazole methosulphate behaves 


RCO-9: 


CO 

\/ 

NMe 


:9-OK 

CO 


RCO-9H— 90 
CO CO 

X/ 

NMe 


methosulphate to form the corresponding 


PhCO- 


CO 

\/ 

NMe 


!Me 

0 


obtained. This showed no tendency to 


Ph-CO- 


0H2 9 H:cHPh 
00 CO 

\/ 

NMe 

(IV) 


Ph-CO*9H— 9H- 
CO CO 

\/ 

NMe 

(V) 


CH,Ph 


22. From chlorodiphenacyls ; 


Q Q 


a-Chloroacetoplienone is converted by NaOBt into a mixture of «- and ^-chlorodiphenacyls ^ 
which have been shown by Widman » to be and (ra«-forms respectively of : 


PhCH— 

0< 

CHCl- 


-CH 

-C)Ph 


By the action of a,nffine or p-toluidine they are converted into pyrrole derivatives by a curious 
senes of reactions mterpreted by Widman as follows ; ^ 


m 


+ArNH, 


PhCH- 

C— 

I 

Cl 


CH 

I^NAr 


-H,0 


PhC- 


-CPh 


CIC CPh 


CH 

^NAr 


PhC=CH 

NnAi 
ClC=CPh 


PhCH 

irans 0<^(ji 


+ArNH, 



PhC- 


■CPh 


OH-C 


CH 

^NAr 

■c-ph 


PhC=CH 
NnAi. 
OH'C=(jph 


1 I^ust and Mumm, Ber., 1917, 51, 567. 
Stadel and Riigheimer. ibid., 1876, 9, 1758. 


(Ar = phenyl or p-to]yl.) 


® Ann., 1913, 400, 106. 
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23. From the azines of enolisable ketones : 


GH CH 

6 b 
\/ 


This method is analogous to Fischer’s indole synthesis. The first example was described by 
Piloty,^ who obtained 2 : 6-diethyl-3 : 4-dimethylpyxrole in 28% yield by heating the azme of 
diethyl ketone with zinc chloride : 


CHa-CHa OHa-CHg 

Et'C=N— N=:C-Et 


Me-C C-Me 

Et-d C-Et • 


\/ 


NH 


Bobinson and Bobmson,* in support of their azine theory of the mechanism of the Fischer indole 
synthesis (see p. 94), showed that the azines of readily enolisable ketones of the type B'CHa’CO'R 
gave pyrroles when heated with dry HCl at 180°. Tetraphenylpyrrole was obtained quantita- 
tively from desoxybenzoin, but from aliphatic ketones the yield was smaller owing to the 
formation of pyrazolines. Robinson and Robinson suggested the following mechanism for the 
reaction : 


PhCHa CHaPh 
Phc:N-N:cph 


PhCH CHPh 
PhC-NH-ra-CPh 




PhC 


-fiph 

CPh 




-NH, 
^ 


PhO — CPh 
PhC dPh • 


\/ 

NH 


It seems more probable, however, for the reasons stated on p. 94, that the reaction takes the 
following course t 


PhCHa CHaPh 
Phc:N-N:cph 


PhCH CHPh (+H.) PhnH , CHPh 

PhC-NH-NH— dPh Phd*NH2~^ NHa-dPh 


-NH, 
^ 


PhCH CHPh 
PhC— NH— CPh 


-H. 

^ 


PhC — CPh 
PhC dPh ' 

\/ 

NH 


2 J. C. S., 1918, 118, 639. 


1 Per., 1910, 48, 497. 
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Ph-C^C 

24. From phenylpropiolic ester and aromatic amides ; Ar*GO ioOEt 

\ 

NHa 

^ The sodio-derivatives of aliphatic amides react with phenylpropiolic ester to form, diacylimides. 
With aromatic amides a different reaction occurs and the products are diketopyrrolines.^‘^‘'A 
possible mechanism for this curious reaction is the following : 


Ph-C^33 


OH ioOEt 


Ph-G 

% 

NH 


■Ph-CH=:G 

Phc/^ do 


Y 


Ph-CH==C-OH 
Ph-C(OH) do 


Ph-CHa—CO 

Ph-C(OH) do 
VY 


N 


PhCH—CO' 

Phi do 
\Y 


N 


Ph-C — GO 


Ph 


..i do- 


25, From hydroxymethylene-desoxybenzoin and phenylhydroxylamine ; 


C~ 

d 

\Y 

N 




This very suggestive reaction has recently been described by Rupe and Wittwer.^ Hydroxy- 
methylene-desoxybenzoin (I) reacts with phenylhydroxylamine to form phenylhydroxylamino- 
benzoylstyrene (II). In alcohol the ow-isomeride is produced; in acetic acid, the acetyl deriv- 
ative of the <raws-isomeride, from which the acetyl group may be eHminated by treatment with 
dilute H 2 SO 4 and alcohol. Alcoholic a«j[ueous NaOH removes the benzoyl group and gives 
phenyhiydroxylammostyrene (III) : 


Ph*0‘C0‘Ph I p, 

8 h(oh) + 
(I.) 


Ph-p-COPh 

CH*NPh(OH) 

(II.) 


ale. NaOH 
>• 


Phf^H 

(JH*NPh(OH) 

(III.) 


When the reaction takes place in the absence of a solvent, the product is 1 : 3 : 4-triphenyl-2- 
phenylhydroxylaminopyrroline (V). Under such conditions both the cis- and the tas-isomerides 
would be formed equally easily. The c^s-compound by elimination of PhCO*OH gives 

1 Ruhemaim, J. 0. S., 1909, 95, 964, 984, 1603; cf. Ruhemann and Merriman, ibid., 1905, 87, 1383. 

® Helv. Ghim. Ada, 1922, 5, 205-216. 

6 
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momentarily a substance (IV) with two free valencies, and this at once adds itself at the double 
bond of the iraw5"Compound, wMcb meanwbile bas been hydrolysed to the styrene (III) : 


Pbfj-COPb 

CHOH 


PhNHOH 


PbCCOPb 


CH-NPb| 


OH 




cts. 


Ph-fJ-COPb 

CH-NPhOH 

trans. 


PbC— 

\/ 

NPb 

(IV.) 

PbCH 

CH-HPbOH 

(III.) 


Pbn CHPb 

OH CHWhOH 

\/ 

NPb 

(V.) 

PbC CH-NPbOH 

CH CHPbi 

X/ 

NPb 

(VI.) 


It will be seen that tbe final reaction is analogous to tbe Bucbner synthesis of pyrazolines from 
diazoacetic ester : 


COOEt-fJ— , GH-COOEt . COOEt*C CH'COOBt 

N CH-COOEt isr CH'COOEt 

\h 

Tbe alternative structure (VI) is regarded as less probable than (V). Tbe same compound is 
obtaiued by treating tbe cis-isomeride with alkali, while SOCI2 converts both tbe cw-isomeride 
and tbe compound (V) into tbe corresponding pyrroline, in which -OH is replaced by CL 


CO— GH 

26. From acylated a-amlnoketones : GRa COR 

\/ 

N 

In tbe preparation of oc-aminowopropyl methyl ketone by tbe pbtbalimide method, Gabriel ^ 
found that tbe condensation of pbtbaliminofsobutyryl chloride with sodiomalonic ester gave a 
pyrrolone as by-product. This became tbe main product when excess of sodiomalonic ^ter 
(or of NaOEt) was used : 


Me,C. 


^OCl + NaCH(COOEt)a 




Mei. 


CO CHo-COOBt NaOEt 




^n<™>c.h, 


?o- 




-CO' 

COOEt 700/0 H,so, 




CO- 


1 ’ 


CO 

» Ber., 1911 , 44 , 62 , 70 . 


\/ 

NH 


C«H,-OOOH 
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It was later discovered i that tHs reaction occurs only with ^re^-dialkyl derivatives,* though the 

replaced by other groupings such as •OH(ON)COOEt, -CHoCN 
•CH2CONH3 and even *0113, giving the compounds ; ^ * 


90 fJ-E' 

CO 


(R = Me or Et 

R' = -CN, -CONHa or H-) 


Further, it was found that the henzoyl derivative of methylaminowobutyrylmalonic ester could be 
condensed to trimethylphenylpyrrolone. Here the ring-closure is brought about, not by NaOEt 
but by hydriodic acid : » / > 


MeaC 


cool + NaCH(OOOMe)2 
COPh 

\/ 

NMe 


MegC 


go— OHaCOOMe 
COPh HI 

\/ 

NMe 


CO— CH 
MeaC CPh • 

\/ 

NMe 


In the absence of the iV-methyl group a different condensation occurs, resulting in the formation 
of a 2 ; 4-diketopyTrolidine : 2 


MegC 


COCl + CHNa-OOOMe 
COOMe 

\ 


CO— OH*C00Me 

MegO 00 

Vcoph 


NH-COPh 

A diketopyrroUdine was also obtained by Pfahler ^ from a phthahmino-derivative : 


;!o- 


Etg' 


co^:;r>co 


-CH-COOEt 

COOEt 


CO— CH-COOEt 
EkC COOEt 


\ 


Et 


90 — CH- 
>.C CO 


COOEt 


NH-CO-CeH^-COOEt 


\/ 

N-CO-CeH^COOEt 


The pyrrolone formation is here a subsidiary reaction. The corresponding methyl-ethyl derivative 
behaves similarly. 

1 Gabriel, Per., 1913, 48, 1321-1358; Pfahler, ibid., pp. 1709-1714. 

® Gabriel, ibid., p. 1362. 3 

* It is interesting to compare this with the easy formation of cyclopropane and cyc/obutane rings from a&m- 
dialkyl compounds (Ingold and Thorpe, J. C, 8., 1920, 117, 1579, etc.). ^ ^ 
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27. From iminodiacetic ester and oxalic ester : 


EtOOC— GOOEt 
+ CH CH 

\/ 


N 


de Mouilpied ^ condensed phenyliminodiacetic ester with oxalic ester by means of HaOlIt 
and obtained a compound, C 16 H 17 O 6 N, wbich Johnson and Bengis 2 showed to be a 3 : 4-diheto- 
pyrrohdine derivative : 

BlO-00 — COOEt CO— CO 

COOEt-CHa+CHo-COOBt COOEt-CH CH-COOEt . 

\/ \/ 

NPh NPh 


C CHO 

28. From /3-alkylamino-aldehydes ; yCHz 

N 

A remarkable closure of the pyrrole ring in the a : /5-position is recorded by Hale and Britten,* 
who condensed sodio-nitromalonic aldehyde with /5-aminopropiophenone : 






NO.-CNa — CHO 


1 


HO + CHa-CHa-COPh 


NOa-C CHO 

CH CHa'OHa'COPh 

\/ 

NH 

aq.alo. , 

I NaOH 

C-OHj-COPh 

\h 

(30% yield.) 

The absence of any pyridine derivative (I) in the product is unexpected. The -CHa* adjacent 
to the benzoyl group does react, but only to form the c^/cilopentadiene by-product (II) : 


CH 

NOa-f^ C-COPh 
CH CHa 

\/ 

NH 

(I.) 


NO,-CH— OH 


C-Ntia 

(IL) 


COPli. 


^ J. G. S., 1905, 87, 435. 


* J.A.aS., 1911, 83, 746. 


® IbU., 1919, 41, 1020, 
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A very similar type of ring-closure occurs wlien benzyl-^S-aminopropionacetal is treated 
with cone. HCl : ^ 

9H2— CH(0Et)2 HOI 9H=:CH 
CHa CHgPh OHa CHPh. 

nh Yh 


C- 


-G 


29. From chloral hydrate and potassium cyanide : C 


I/' 


■o^\ 


G 

/ 

NH 


The action of KCN upon chloral hydrate, first studied by WaUach ^ and Cech,^ has been 
elucidated by Crowther, McCombie and Eeade,^ who obtained in 30 - 40 % yield an anhydro- 
compound, C7H4O3NCI9 (I). This was benzoylated in the presence of pyridine, and successive 
Wment of the product (II) with acid and alcoholic KOH gave the pyrrolidone derivative 
(III) : 

CI3C -CH CI3C -CH 

C 1 ,C-CH CO CLC-QH C( 


3 CCVCHO-f KCN 


6 


)0 


H01+a(;etio 

acid 


-> 


c1oO-6hYh 


6 


(I.) 


ClsC-iH-N-COPh 

( 11 .) 


OLC- 


CH 


cigcYn (!)o 


C120 


KOH 


OH / 

NH-COPh 


CLO 


•i 


0^1 


CH 


CLC GH 




CO Br,C 


NH 
(III.) 


NH 


(IV.) 


A mixture of bromal, chloral cyanhydrin and KOH yielded a similar series of products, leading 
to the pyrrolidone (IV). 


30. From pyridazines 

By reduction of y?-tolylpyridazme with sodium amalgam, KatzeneUenbogen ® obtained the 
hexahydro-derivative and, at the same time, 2 -tolylpyTrolidine by elimination of a nitrogen 
atom as ammonia : 


9H=i:9H 
0 ,H,-p fiH 


k- 


C7H7-CH 


9H2-9H2 


-N 


CH, 

\ M 

NH-'-NH 


9H2— 9H2 
C^H^-CH CH, 
\/ 

NH +NH3 


2 Ann., 1874, 173, 297. 3 Ber., 1876, 9, 1020. 

s Ber., 1901, 34, 3837. 


1 WoM, Ber., 1901, 34, 1922. 
4 J, C. S., 1914, 105, 933-946. 


PYRROLES 


The reaction is quite analogous to the formation of isoindoles by the reduction of phthhlaziiies 
(see p. 162). 

Borsche and Spannagel ^ prepared dihydropyridazmes by the action of phenylliydxazme or 
semicarbazide upon phenaoyl- and acetonyl-acetoacetic esters. The products were conYerted 
into pyrroles when heated with alkali : 




CH—O'COOBt 
EC CMe Kon 


II- 




r CHa-C-COOH 
R-C CMe 


V 


+ E'NH8 


(R = Me or Ph ; R' == Ph or -CONHa.) 


M““C»COOH 




CMe 


\/ 

NH 


31. From pyridines 

The first direct conversion of a pyridine derivative into a pyrrole was Pauly’s preparation 
of 2 : 2 : 6 : 6-tetramethylpyrrolme-3-carboxylio amides by the action of ammonia, methylanime 
or dimethylamine upon the dibromo-derivative of triacetonamine : « 


CO 

Br(pH + snh, 

Me«0 CMe, ^ 


\h 


Me, 


CO 

\h 


Me, 


CONH* 

C=CH 
MeaC uMca 




The iV-oarboxyHc ester of conhydrinone yields a-pyrrolidylmethyl ethyl ketone when 
heated for five minutes with aqueous-alcoholic NaOH : ® 


CH„ 

y\ 

9H2 
CH„ 

\/ 

NH 

Conhydrinone. 


+ OlOOOEt 


COEt 


CH, 

Ha CH‘COEt 

\^OOEt 
(66% yield.) 


NaOII 


CH, 

/'X 
.CH 



CH«-COBt 

\7 

NH 

(89% yield.) 


Benaxy * obtained 2-methyl-4-oyanomethylpyrrole-5-carboxylio ester (II) in 70% yield by 
1 Ann., 1904, 881, 310, 317. 

I 109345; Ren, 1898, 81, 2000; 1900, 33, 919, 2224; Ann., 1902, 822. 77-130. 

® Hess, Ber., 1919, 62, 1630. * im., 1920, 68, 2218. 
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the action of alcoholic KOH upon 4 -oyanomethyl-dihydrocollidmedicarbo:sylic ester (I) A 
possible mechanism for this reaction is the following : 

COOBt-C 9 HCH 2 ON BtOH + CO 2 + j:iH--CH-0H,CN CH-CH-CHaCN 

Me^ C-COOBt — > MeC C-COOBt — > MeC C!<COOEt 

NH — CMe \ / \ \ / OH 

(I-) N CHMe N-CH,Me 


CH~9H-CH20H 
Med C-COOEt 


N 


Med 


CH— C- 0 H,CN 


C-GOOEt • 

\/ 

NH 
(II.) 

Exhaustive methylation provides a method of passing from the piperidine series to p3rrrolidines. 
The unsaturated amine undergoes cyclisation when heated with cone. HCl : ^ 


CH» 

/\ 

IHa OHR 

IHa OHa 


I 


exhaustive 

) 

methylation 


CH, 

/X 

fJH CHR 
CHa CHa 
/ 

NMea 


and 


CHa 
/\ 
9Ha fJR 

CHa CHn 

\ 

NMeg 


^+H01 

^+H01 

9H2— 9HR 

9H2 9H2 

CHg-OHCl CHa 

CHa CICR-C 

/ 

X 

NMeg 

NMea 

^heat 

^heat 

9Ha— 9HR 

9H2~9H2 

MeCH CH2 

CHg CRMe 

X/ 

XX 

NMeaCl 

NMeaOl 

^distil 

^distil 

9H2— 9HR 

9H2-9H2 

MeCH CHa 

CHa CRMe 


xx xx 

NMe NMe 

(R = H, or Me.) 

The method fails with a-alkylated piperidines. 

V. Braun ^ converted piperidine into 2 -methylpyrrolidme by a long series of reactions com- 
mencing with the opening of the ring by benzoylation followed by treatment with PCI5 : 


NMe, NaOH distil 

^ ^ 


(= exhaustive methyln.) 

cone, HOI NaOH 

^ 

160 - 160 ° 


nxT ^CHa-CHa-NHCOPh 

™“<ch'-ch‘ci 

^OH,-CH,-NHCOPh 

°H2 <chLch 


Nal 


HCl 


'■z 

9 ^ 2 - 

CHo- 


70 ° 


PTT 

-CHMe 


n-rr .CHa-CHa-NHCOPh 
^^2<CH2*CH2l 
9H2 CH, 

— .nTrm . 


CH^ CH,. 

CH,-CHCl-CH.^NHCOPh 


Merling, Ann., 1891, 264 , 316 ; Jacobi and Merling, ibid., 1894, 278 , 8 . 


2 Ber., 1910, 43, 2864, 
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Euzicka’s conversion, of ^-oinoliomnoyl-Y-metliyl-a-piperidone into a-cinclionmoyl-iV- 
methylpyrrolidine by hydrolysis, bromination and removal of HBr has already been mentioned 
(see p. 68). 


32. Pyrogenous methods 

Diethylamine vapour gives appreciable quantities of pyrrole when passed through a hot tube, 
as does aUyhnethylamine passed over heated litharge : 


CH3 CH3 

-en ( 

^ 

SSI 

CHa CHa 

( 

OH d 

\/ 



NH 


NH 

CH3=CHa 

-4II { 

— > 1 


CHa CH3 

OH d: 

\/ 



NH 


NH 


Dewar ^ obtained traces of pyrrole when a mixture of ammonia and acetylene (containing 
some ethylene) was led through a hot tube. The efieot of catalysts has been studied by Tschit- 
schibabin,2 who passed acetylene and ammonia over oxides of aluminium, iron and chromium 
at 300°. Ferric oxide gives more pyrrole than does alumina. 

s J. Eusa., 1916, 47, 703; Zentr., 1916, i, 920. 


1 Proc, Eoy. 8oc., 1877, 26, 66. 


CHAPTER IV 


(4) 


INDOLES AND INDIGOS, 

Yn 'VW^-WV" 


<75 NH 
( 1 ) 


Introductory : 

In tliis chapter no distinction is made between syntheses leading to simple indole derivatives 
and those leading directly to indigos. It will be useful therefore to indicate here the methods 
by which compounds of the one class may be converted into compounds of the other. 

(a) Indigos from indoles . — The conversion of isatin into indigo by reduction with ammonium 
sulphide was first described by v. Baeyer : ^ 


Isatin. 


C6H4<^°>C=C<°°>CeH, 


CeH4<°°>C:NPli. 

Isatin-a-anilide. 


Better results are obtained with isatin-a-anilide.^ 

Indole may be oxidised to indigo by means of ozone.® By this method, using an acetone 
solution of indole, Weissgerber ^ obtained a 33% yield of indigo. A rather higher yield results 
when the oxidation is performed with iodine and sodium bicarbonate.® Permonosulphurio 
acid has also been employed,® but other oxidants, such as HgO^, CrOg, HNOg, KMn 04 and PeClg, 
are useless. 

The bisulphite compound of indole gives an appreciable yield of indigo by air oxidation,’ 
and indole-3-carboxylio acid, prepared by Kolbe’s reaction from sodio-indole and COg, is 
oxidised smoothly to indigo by ozone.® 

(6) Simple indole derivatives from indigos . — The oxidation of indigo to isatin by nitric acid 
has long been known — ^Laurent and Erhardt discovered isatin by this method in 1841 — ^but 
the yield is only 25 %,® Oxidation with chromic acid alone is equally unsatisfactory, but in the 
presence of oxalic acid 62% of isatin is said to be obtained. The best oxidant appears to be a 
mixture of nitric acid and chromic acid, for which a yield of 85% is claimed.^® The chromic 
acid method has been apphed to halogenated indigos by Grandmougin and Seyder.^® 

The indoxyl melt may also be oxidised to isatin.^^ 

Bromo- and dibromo-isatins are obtained in good yield by treating indigo with sodium bromide 
and cone. 

The conversion of indigo into indole itself is more difficult. A certain amount of indole is 
formed when phenylglycine or its o-carboxylic acid is “ over-melted.” At 120°, there is 

1 Per., 1878, 11, 1297; 1879, 13, 467; 1883, 16, 2203. ^ D.R.-PP. 119280, 119831, 176423. 

3 Nencki, Per., 1876, 8, 727 ; Engler and Janecke, ibid., 1876, 9, 1414; D.R.-P. 230542. 

* Per., 1913, 46, 658. ® Pauly and Gundermann, ibid., 1908, 41, 4007. 

« Nencki, ibid., 1874, 7, 1593 ; D.R.-P. 132405. ’ D.R.-P. 130629. » D.R.-P. 230542. 

9 Ferrer, Per., 1884, 17, 976. Sommaruga, Ann., 1878, 190, 369. 

^5- V. Georgevics and Springer, Monatsh., 1900, 31, 413. D.E^-P. 22981% 

13 Per., 1914, 47, 2365-2399. D.R.-P. 107719. i® Pr. Pat. 490281/1917. 

18 D.R.-P. 260327; E.P. 14943. 
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formed the dyestuff (I), wHch is hydrolysed by alkali at 240°, first into (II) and then into 
anthraniho acid and 3-aldehydo-indole (III), 


/CO. .CeH. 

(I.) 


/COOH 

(11.) 


r 

(III.) 


o»hZ "'Vih 


from which indole results by air oxidation and loss of COg. 

The glycine melts yield indole when iron or sodium is added to the alkali at 300°.^ 
Vorlander and Apelt ^ reduced the indoxylic acid melt with sodium amalgam at 60-70° 
and obtained a yield of indole corresponding to 66% of the possible indigo. 


The methods available for the synthesis of indoles and indigos may be grouped as follows : 


I. Ring-closure between the ^-Carbon Atom and the Benzene Nucleus 

Syntheses in this group (sects. 1-10) usually involve the elimination of HX from a compound 
of the type 

/H X-0. 

—where X is halogen, ‘OH or ‘NHAr. The Mscher synthesis (sect. 1) is, on the other hand, 
a dehydrogenation (X = H) ; * it has been widely employed for the preparation of indoles and 
has been extended by Brunner to the synthesis of oxindoles. 

In Knoevenagel’s method (sect. 2) X = -NHAr and the products are 2 : 2 : 3 : ^-tetramethyl- 
indoUnes. 

The conversion of oxanilides into isatins (sect. 3) gave poor results until the discovery of 
StoU^’s oxalyl chloride method, which is especially useful for the preparation of A-substituted 
isatins. Ordinary isatins, with no substituent on the nitrogen atom, are more easily prepared 
by either of the two Sandmeyer syntheses (sects. 4 and 6). 

Qi.-Phenylindoles are obtained from phenacylarylamines (sect. 6), and similar reactions lead to 
indole and to other a-substituted derivatives. 

Enorr’s pyrrole synthesis has been extended to the preparation of indoles with a reduced 
benzene nucleus (sect. 7). ' 

The only method of this group, besides Bauer’s and Stoll6’s (sect. 3), in which X = halogen 
is the preparation of oxindoles from chloroacetylated arylamines (sect. 8). Flimm’s indigo 
synthesis, which proceeds via phenylglycine, is dealt with in the same section. 

Methods'depending on the alkaline fusion of arylglycines (sect. 9) are of first importance for 
the technical preparation of indoxyls and indigos. Indoxylic esters are obtainable from aryl- 
aminomalonic esters (sect. 9) by a similar condensation under the influence of heat alone. 

Binsberg’s synthesis (sect. 10) from glyoxal and arylamines leads to oxindoles, indoles and 
indoUnes, but is of somewhat limited application. 

1 D.E..P. 162683. ^ 1904^ 3 ^^ II 34 

* If Bobiuson and Kobinaon’s theory of the mechanism is correct (see p. 94), Fischer’s synthesis should 
be classed with those in group III. 
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II. Ring-closure between cl- and ^-Carbon Atoms 

In aU "but one of the six methods in this group ring-closure occurs by the elimination of water 
(or alcohol). 

The cheap catalytic process for phthalic anhydride hy air oxidation of naphthalene has made 
anthranilic acid once more a very important starting-material for the commercial synthesis of 
indigos by Heumann’s second method (sect. II) or the later formaldehyde-cyanide process. 
Other indoxyl and indigo syntheses from Y-methylanthranilic acid derivatives (sect. 12) are of 
minor interest. 

o-Cyanophenylglycine gives the imino-compound of indoxylic acid (sect. 13) by intramolecular 
addition at the •C^N group. o-Aldehydophenylglycine has been converted into indole hy 
Gluud (sect. 14). 

More useful than these is Madelung’s synthesis of a-suhstituted indoles and di-indyl from 
aoylated o-toluidines (sect. 15). 

The dehydration of isopropyl-o-aminobenzyl alcohol to 2 : ^-dimethylindoline (sect. 16) is an 
isolated reaction which probably does not admit of extension. 


III. Ring-closure between Nitrogen and cL-Carbon Atoms 

In this group are included the large number of indigo and indole syntheses from “ ortho- 
nitro ’’-compounds by intramolecular oxidation and reduction (sects. 17, 18, 19, 20, 24, 26), and 
also ring-closures of the type 


\ 


9 


NH, X 


. 0 - 




where X may be -OH, ‘OE, •NHR or halogen. 

Lipp’s synthesis from o-aminostyryl hahdes leads to indoles (sect. 17a). o-Nitrostjrrene 
derivatives also give indoles and N-hydroxy-indolines (sect. 17b) by internal oxidation. The 
isatogen reaction (sect. 18), by which o-nitrophenylacetylenes are converted into isatins or 
indigos, has led to interesting results in the hands of Pfeiffer and of Ruggh. 

A useful and very general indigo synthesis is that from o-nitrobenzaldehydes and acetone 
(sect. 19). It may be modified in such a manner as to give isatins. N-Hydroxyindole-cx.- 
carboxylic acids, and hence indoxylic acids, isatins, indoles and indigos, are obtainable by Eeissert’s 
method (sect. 20) from o-nitrobenzylmalonic esters. The reduction of o-nitrobenzyl ketones 
(sect. 21) yields indoles with an a-substituent. cL-Aminoindole is obtained by a “ Thorpe reaction ” 
from o-aminobenzyl cyanide (sect. 22). 

Oxindoles are the lactams (or lactims) of o-aminoarylacetic acids (sect. 23), and isatins are 
similarly related to o-aminobenzoylformic acids (sect. 25). From o-nitromandelic acid may be 
prepared dioxindoles, isatin and indigo (sect. 24). 

The first indigo synthesis — Bmmerling and Engler’s reduction of o-nitroacetophenone — and 
the related methods from o-nitrobenzoylacetic acid, are described in section 26. 

The elimination of hydrogen halide from o-aminophenacyl halides (sect. 27) yields indoxyls. 

Martinet’s synthesis of dioxindolecarboxylic esters, and hence of isatins, by the action of 
mesoxahc ester upon arylamines (sect. 28), is especially useful in the naphthalene series. In the 


INDOLES AND INDIGOS 


92 


benzene series irregular results are obtained, tbe cause of wbich bas not been explained. A 
synthesis involving a similar migration of large groups to an ortho position is the production of 
isatins from arylamines and dichloroacetic acid (sect. 29). 


IV. Ring-closure between Nitrogen and the Benzene Nucleus 


This group includes the preparation of 2-phmyUndooiygl (or perhaps 2-phmyl-'N-hydroxyindole) 
from benzoin oxime (sect. 30) and the formation of a tetrahydro-oxindole and a tetrahydro-isatin 
from amides of the type 


C6< >00 

\OH NHR 


(sect. 31). 


V. Miscellaneous Syntheses 

The formation of indoles by the attachment of a four-carbon chain to a pyrrole ring may be 
brought about in several ways (sect. 32), especially as pyrrole itself can supply a suitable foux- 
carbon chain. The fission of the hydrogenated ring in tetrahydrocarbazoles may give indoles 
or indoxyls. 

Quinolines may also serve as a source of indoles, indolines, isatin or indigo (sect. 33). Indole 
results when hydroxyoinnoline is distilled with zinc dust (sect. 34). 

Tinally certain pyrogenous reactions lead to indoles (sect. 35). 


1. Fischer’s synthesis from arylhydrazones : 


vJjTlv 


The first example of this important method was discovered by E. Fischer and Jourdan,^ 
who boiled the methylphenylhydrazone of pjrruvic acid with alcoholic HCl. The product, 
proved on investigation ^ to be an indole derivative : 


CeH, 


OH3. 

X >C-C00H 


ale. HOI /-CH^ 

CeH / >0-COOH. 


This reaction becomes very general if zinc chloride be substituted for alcoholic HCl as condensing 
agent.® The aldehyde or ketone is first treated with phenylhydrazine (or any arylhydrazine 
haying a free ortho position) and the product is heated at 180-200° with about five times its 
weight of anhydrous ZnClg. From acetone phenylhydrazone Fischer obtained 2-methylindole 
( “ methylketol ” ) in 60 % yield : 


CHgv 

CeHg. \CMe 


ZuCl, 
— ^ 



1 JSer., 1883, 16, 2246. 2 

* Fischer, ibid., 1886, 19, 1667; Am., 1886-1889. 


Fischer and Hess, ibid., 1884, 17, 569. 
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Much. .improved yields are claimed in D.R.-P, 238138. Here a solvent (naphtha or methyl- 
naphthalene) is used and the temperature is not allowed to exceed 150°. Acetone in this way 
gives 75% of 2-methylindole; scatole is obtained in 80% yield itrom propionaldehyde (35% by 
Fischer’s procedure), and pyruvic acid gives 60% of indolecarboxyhc acid instead of only 6-6%. 

Arbuzov and Tichvinsld ^ showed that -the large excess of ZnClg employed by Fischer was 
unnecessary. The reaction is catalytic and proceeds in the presence of 1% of ZnClg, CU2CI2, 
0u2Br2 PtOlg. These substances also catalyse the decomposition of phenylhydrazine into 
aniline, nitrogen and ammonia at 160° (aniline is observed as a by-product in the Fischer 
synthesis). 

Other condensing reagents which bring about the reaction are cone. H2S04,^ alcoholic 
H2SO4,® alcoholic ZnClg,* and, in the case of acid hydrazides, lime ® or NaOEt.® 

Brunner ^ discovered that although ZnCIg had little action upon acid hydrazides of the type 
PhNH'NH'CO'CHgll, these could be converted into oxindoles by heating for an hour at 
190-220° vrith four to six parts of quick-lime : 


ECH^v 

CeHg. >CO 


CaO 


■> 


190 - 220 “ 


/CHE. 
(80% yield.) 


(E = Me, Et, Ph.) 


The phenylhydrazide of acetoacetic acid (E = -COCHg) gives only a 4% yield. In D.R.-P. 
218727 good yields are claimed when the sodio-derivative of the acid hydrazide is used. 

In certain cases the Fischer reaction takes place with exceptional ease. Grgin ® obtained 
3:3; 6-trimethylindolenine by warming the p-tolylhydrazone of isobutyraldehyde at 60° with 
alcoholic ZnCl2 : 

Me/N znoi. Me/\ OMej OMe^ 


Plancher ® had previously observed similar cases of easy ring-closure 

CHMe, 


CeH.. '‘^CR 


/CMeg. 
n TT / \ 






,CE. 


(E = Me or -CHMeg.) 


1 J. Buss,, 1913, 45, 69, 70, 694. 

Nef, Ann., 1891, 266, 72 ; Walker, Amer. GTiem. J., 1893, 15, 576 ; Reissert and Heller, Ber., 1904, 37, 4378. 
/* WislicenuB and Arnold, Ann., 1888, 246, 334. 

^ Handler, Ber,, 1898, 31, 1496, etc, 

6 Brunner, Monatsh, 1896, 17, 479; 1906, 27, 1183, etc. 

6 D.R.-PR. 218477, 218727. ’ Monatsh., 1896, 17, 479; 1897, 18, 95, 527; 1906, 27, 1183. 

« lUd., p. 731. 8 Ber., 1898, 31, 1496. 
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The methylphenylhydrazones of wopropyl methyl and phenyl ketones undergo ring-closure even 
at room temperature in the presence of alcoholic ZnCl2 : ^ 


CHMe 

CeHsv >Me 




/CMea. 

OeH,/ >C-CH2 

X-NTMo/ 


C«H. 




OHMeo. 

\CPh 

NMe-N'^ 


/CMcov 

CeH,< >CPh 
Me/ \ei 


‘NMe 

KOH 


/CMe2\ 

> CgH/ >CPh(OH). 
\NMe/^ 


It will be observed that in each of these examples an isopropyl group, 'CHMeg, is involved in the 
ring-closure. 

For the mechanism of the Fischer synthesis, by which N, Hg and H are removed as NHg 
from different parts of the hydrazone molecule, four suggestions have been made.* 

Eobinson and Kobinson ^ suppose that an unsaturated azine is first formed, which undergoes 
an ortho benzidine rearrangement and then loses NHg : 


/\ 

u 


— NH-N=CE-CH,R' 


0 


fjHR' 


0 


-CR' 


NH2 

/ 

NH, 


1 1 

CR 


/ 

I 

\ 


-QR' 


/CR 

NH 


Cohn® has suggested an ortho semidine rearrangement (without previous conversion into 
azine), followed by elimination of NH3 between the aromatic 'NHg group and ‘CH^* ; 


!— NH-N=:CR-CH,R' 


/N-NH, CHjE' 



Bamberger and Landau ^ suppose a tautomerism of the hydrazones of the same nature as that 
suggested for phenylhydroxylamine to explain the formation of dimethylanHine oxide on methyl- 
ation with MeaSO^ : 

Me,SO* 

Ph-NHOH ^ [PhNHarO] PfiNMeglO. 


The indole synthesis is figured thus : 


PhRH*N:CHMe 


\ 

C«R 




NH 

CH3 


■N‘ 


PhNH-NHa + MeCHO — > PhNHalNH -f MeCHO 

-NH /CH.V 

CA<_^>CH ^ 


^ Plancher, loc. cit.; Jeimisoh, Monatsh., 1906, 27, 1223. ^ J.C. S., 1918, 113, 639. 

* “ Die Caibazolgruppe,” 1919, p. 12. * Ber., 1919, 52, 1097, footnote. 

* For a discussion of these, see Hollins, J. A. O. S., 1922, 44, 1698 ; Robinson and Robinson, J, 0, S., 
1924, 125, 827. 
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Sucfe as e^ksation wosH ucareely apply to «Jetliylp]ienylliydxazones, asd tlie meoliamsm of 
tit fimi timimtion of k fey ao means obvious. Lreover, tie tantomery of pienyl- 
iydroxykmint, spon wilei the hypothma rests, k quite unnecessary for tie explanation of tie 
fomation of dimetiykiillin© oxide (as, indeed, is pointed out by Bamberger iimself) Diazo- 
metisne giv« no amine oxide, so that tie evidence for tie form PiNHolO amounts to verv 

Tie mast acceptable explanation of the ikchor synthesis is that advanced by Reddeien in 
Reddeien dwoovered that acetophenone anil is oxidised by phenyliydrazine to 2-pienyl" 
indole, tbe phenylhydraane being reduced in the process to ammonia and aniline • ^ ^ 

M m, ^ ’ 

.. 1 CAC >CPh —>• C„H.< \cPh 


PliNIPMH, 


:?Ph 


11**4 




PhNH,, + NHa. 

PhinylhydrMosM were found to have the same oxidising power, being themselves reduced to the 
ketont-iimde and aniline. For the Fischer indole synthesis Reddeien therefore suggested tbe 

following itafw : 

(i) Reaction of the phenylhydrazone (during oxidation in (iii)) to aniine and ketone imide— 
PliNIPHriHJHalt -f RiNH^ + NHiCR-CHaB. 

|ii| lliminatloa of NUg between theae two products— 

PhNH* f NIRORCHjR — >• RiNXR-CHaR + NHg. 

(iii) Ring*clo«ufe by oxidation by the phenylhydrazone — 

Ai CHJl 

A, 


H, 


^N==eR 

(iv) liearrangemenfc of the resulting indolenine— 

yCHR. 


>CHR. 

/ >E. 


\ — 


:CR 


Cell/ ^CR. 

\nh/ 


The easy conversion of the arylhydrazont^s of kopropyl ketones finds a satisfactory explanation 
here in the ready oxidisability of the group 'CllMej. 

The theory as stat«l by Reddelicn doe« not apply to iV'-substituted arylhydrazones, but a small 
modificatloii removw this difficulty. It is only necessary to suppose that the imine formed in 
ilage (I) iwineriaes to an unsaturat«i amine : 

Nir.CKK'HaR — >• NHa-ORrOHR, 

or, alternatively, that the iaomeriimtion occurs prior to stage (i) (as in Robinson and Robinson’s 
txpknation). The ierita of changes then becomes : 

PhRMrKClHTljE PiNMi-NH-eiCPIIR PiNHMe-f NHa-GRiCHR 

-Nir, -H, /--CR.X 

— > PhNMe-CRrCHR ^ QM./ ^OR. 

\NMe/ 


‘ iiam, 1912, m 179* 
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From the phenylhydrazone of an nnsymmetrical ketone two isomeric indoles would be 
expected : 

/CR^ /CR\ 

PhNH-N:C< — > CeH/ ^C-CHaR' and OgH / ^C-CHaR. 

\CH2R' Nrh/ 

Only little work has been done to determine the course of the reaction in such cases. Methyl 
propyl ketone, CHg-CO'CHaCHaCHa, gives only 2-propyhndole (I), but methyl wopropyl ketone, 
GHg'CO'CHMea, owing to the reactivity of the isopropyl group, gives 2:3: 3-trimethylindolenmfe 
(II) : 


(I.) (11.) 


CoH 4 ^ 


,CH 


/ '^C- 


O3H, 


yCMegs 

C.h/ 




Of the two ortho positions in mete-substituted phenylhydrazines the reactive one is probably 
thatirhich is j>ara to the substituent group : * 

(j:OOH 


/\ 

COOH-l^y!- 


NH-N: 


ITT 

>Me 


COOH- 


/\/' 

NH 


m 

ke 


rather than 


/ 


NH 


F. 

Me 


The m-tolylhydrazide of propionic acid is stated to give a mixture of the two possible oxindoles : 

'^e 

Me.()— - -O— 


NH 


\/\/C)0 
NH 


On the other hand, the m-tolylhydrazide of /3-phenylpropionic acid yields only a single product.^ 
Indoles have been prepared from the following arylhydrazones : 


{a) From phenylkydrazine : 


Aldehydes. 

Rejerences. 

RCHj-CHO 
R= -OHs 

6 , 41 

•CJIb 

30,41 

•CaH, 

41 

•CHMea 

13 

n TT 

“ 04 X 19 

41 


13,41 


Aldehydes. 

References. 

•C 9 H 13 

41 

■CHMe-COOH 

28 

-CHj-COOMe 

27 

CH 3 CH 3 NH 3 

36 

•CHaPh 

41 

■CcHs 

6 , 14, 41 


1 D.E.-PP. 218477, 218727. 2 Tomifiek, J". (7. /S., Abstr. 1922, i, 679. 

* Borsche, {Ann., 1908, 359, 49-80) has demonstrated this in the analogous synthesis of tetrahydro- 
carbazoles (p. 169), 
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Ketones. 


References. 


Ketones. 


References. 


CHsCO-CHs 

OHsCO-CHaCH, 

CHsCO-CH^Et 

GHsCO-CHMea 

OHsCO-CHaCsH^ 

OHsOO-CHaCHMej 

OHaOO-CH.GsHiT 
/GHaGO-GHaGOOBt 
X GHsGOGHaGHaGOOH 
GHsGO-GHaPh 
GHaGO-CHaGHaPh 
GHaGO-COOH 
GHsGO-GOOEt 
GHaGO-Ph 
GH,GO-GioH7(a-) 
GaHv-GO-OaH, 
GHMea-CO-GHMea 
Me 


/■ 


CO-Et 


i-GOPh 

(the free phenol fails) 


6, 41 
5, 21, 39 
6,40 
25 
51 
61 
61 

16, 18, 41 

5, 41 
13 

51 

6, 41 
41 

5, 14, 38, 41 
17 
40 
25 

48 


PhCHa-CO-CHaPh 

13 

PhCHa'CO'Ph 

6, 41 

MeCHa-CO-COOEt 

12 

COOH-CHaCHaCO-GOOH 

36 

COOEt-OHaCHaCO-COOEt 

45 

/CHa. 

CcH4<(ch/^^ 

^chI 

46 

CaH/ \CO 

\CH-/ 

600Et 

CH— CH 

II II 

48 

CH O-CO-CHa 

s 

17 


(b) From other primary hydrazines : 


Hydrazine. 

2 : 4-Dichlorophenylhydrazine 
p-Tolylhydrazine. 

o-Tolylhydrazine. 

m-Anisylhydrazine. 

p-Xylylhydrazine. 

w-Garboxyphenylhydrazine. 

a-Naphthylhydrazine. 

/3-Naphthylhydrazine. 

4 : 4'-Dihydrazinodiphenyl 
(from benzidine). 


Aldehyde or ketone. 

GHa-CO'GHa 
GHMea-GHO 
GHa-GOGHa 
GHa-GO-GOOH 
GHa-CO-GHaGOOEt 
r GHaCO-GHaCOOEt 
1 GHa-CO-GOOH 
GOOH-GHaGHa-CO-GOOH 
GHa-GO-GOOH 
f GHa-GO-GHs 
\ GHa-CO-GOOH 
f CHa-CO-OHa 
1 GHa-CO-GOOH 
CHaCHO 
OHa-CO-CHs 
PhCHa-CHO 
CHa-CO-Ph 
CHa-CO-COOH 
CHa-CO-CHa 
CHa-CO-COOH 


References. 

44 
31 

10, 41 
10 
19 
19 
10 

45 

29, 41 

7, 41 
7- 41 

11 

11 

8 

8, 41 

15 

16 
8 

41 

41 


7 
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(c) From ’^substituted arylhydrazines : 


Hydrazine. 


Aldehyde or Jcetone. 


References. 


PLNMe-NHa 


PhNRNHi 
R = methyl 
ethyl 
propyl 
benzyl 
phenyl 
PhNPh-NHa 

p-OjE^-NMe-NHi 

p-C^H.-NEt-NHj 

o-OvH^-NMe-NHa 

w-MeO-OoHi-NMe-NHa 


f' CHaCHa-CHO 
PhCHa-CHO 
CHa-CO-OHa 
CHaCHa-CO-CHa 
CHMea-CO-CHa 
C,Ha-CO-CHa 
CHMea-CHaCO-CHa 
^l-CaHia-CO-OHa 
^COOH-OHaCHa-CO-CHa 
' COOH-CHa-CO-CHa 
CHa-OO-COOH 
COOH-OHa-OO-GOOH 
COOEt-CHMe-CO-CGOEt 
Ph-COCHs 
PhCHaCHa-CO-CHa 
Ph-COCHMea 

CpH/ >CO 
\CHa/ 

.CO-\ 

C«H4 >CHa 

CHa-CO-COOH 


PhCO-CHa 

CHa-CHO 

CHa-COCOOH 

CHa-COCOOH 

CHa-CO-COOH 

CHa-CO-COOH 


6 

15 

6, 39, 41 
6,22 
25 
51 
61 
61 
6 
6 

1, 2, 24 
34 
46 
6, 41 
51 
33 

46 


46 


1, 2, 24 
1 , 2 
24 

3 
9 
9 

37 

4 
4 
4 

49 


The following acid hydrazides have been converted into oxindoles : 

Acid hydrazide. References. 


PhNir-NH-CO-CHaR 


R = hydrogen 

23 

methyl 

23, 42 

ethyl 

23 

taopropyl 

23, 26 

benzyl 

60 

phenyl 

23 

PhNMe-NH-CO-OHaR 


R = hydrogen 

22 

methyl 

22 

taopropyl 

23, 26 

benzyl 

60 

PhNH-NH-CO-CHMea 

22 

0-, W-, p-C^Hj-NH-NH-CO-CHaCHaPh 

50 

m-CTHa-NH-NH-CO-CHa-CHa 

42 

m-CaHa-NH-NH-CO-CHMe, 

23, 32 


FROM ACETONE- ANItS 


Befermces. 


^i\ 


'f' P>, 

1 8. i--® “■ 


■ V 


1 Fischer and Jourdan, B&r., 1883, 16, 2245. 2 j^scher and Hess, ibid., 1884^ 17,- 5S9: ■ ' ‘ *' ARtrick, 

1886, 232, 214. e Fischer, ibid., 236, 126-145. « Degen, ibid., 

PP- Hoder,^ 6^d!., pp 16^173. « Schlieper, i6id., pp. 174r-184. » Pfiilf, ibid., 1887, 239, 220. 

Raschen, I'bid., p. 223. ^ Schlieper, ibid., p. 229. 'VVisiicenus and Arnold, ibid., 1888, 246, 334. 

Schmidt, Ber., 1888, 21, 1071, 1811. Ince. Ann., 
1889, 253, 38, 40, 42. i« Nef, ibid., 1891, 266, 72. i’ Brunch, ibid., 1893, 272, 201-208. “ Walker, 

Reissert and Heller, Ber., 1904, 37, 4378. Walker, Amer. Ghem. J., 
1894, 18, 430. 20 Brunnk, Monatsh., 1894, 15, 747. 21 1895, 16, 183, 849. 22 

ibid., 1896, 17, 253, 479. 23 j^g^^ 1897^ gg^ 527-649. 24 Michaelis, Ber., 1897, 30, 2811, 2815. 

26 Rancher, M, 1898, 31, 1496; Gazz., 1898, 28, ii, 418. 20 Schwarz, ilWfsA, 1903, 24, 668. 

38, 2886. 29 piancher and Caravaggi, B.A.L., 

19(^, [t], 14, i, 167. 3® Piancher and Carrasco, ibid., ii, 31. 21 (jrgin, Monatsh., 1906, 27, 731. 

82 Brunner, ibid., p. 1183. 83 Jemiisch, ibid., p. 1223: 34 ^er.^ 19Q9^ 43^ 3Q38_ 35 Ewins, 

J‘ 0-8., 1911, 99, 270. 36 Wislicenus and Waldmuller, Ber., 1911, 44, 1571. 3? Braun and Kruber, 

ibid., 1912, 45, 2977. 38 Heddelien, Ann., 1912, 388, 179. 39 ^-ij-uzov and Tiohvinski, J. Buss., 1913, 

45, 69, 70. *3 Idem, ibid., pp. 694, 697. D.R.-P. 38784. « I).e„.fp. 218477, 218727. « i).R..p. 

238138. ** Billow, Ber., 1918, 51, 416. Kermack, Perkin and Robinson, J. G. 8 ., 1921, 119, 1622, 

1636-9. Armit and Robinson, ibid., 1922, 121, 837, 838. *7 y, Auwers, Hilliger and Wulf, Ann., 

1922, 429, 222. Perkin and Titley, J . G. 8 ., 1922, 121, 1668. Kermack, Perkin and Robinson, ibid., 
p. 1880. 60 Tomidek, J. G. 8 ., Abstr. 1922, i, 679. 6i Kuroda, J. Pharm. 80 c. Japan, 1923, 13-16, 131-142. 


X-Cv 

2. From acetone -anils : Cgv yc 

\nh/ 

Knoevenagel ^ lias shown that the reduction of acetone-anil with sodium and alcohol gives 
tetramethylindoline in almost quantitative yield : 


2PhN:CMe, 


Na-f ale. 


NHPh 

(iMea. 

CeH,. >CMej 
\NH/ 


-{- NHaPh 

/CMe-v 

CoH )>CMe, 


Acetone-j?-tolil behaves similarly, but the acetone compound of a-naphthylamine requires a 
higher temperature, and amyl alcohol must be used. The product is a tetrahydronaphth- 
indoHne : 

/N 9Me, 

2C,oH,-N:CMe, ^ /\/\/™'=C 
<^H, I NH 
CHo CH- 

\/ 

CHa 

The formation of jS-ethylindole by heating together aniline, lactic acid and zinc chloride ^ 

^ Ber., 1922, 55, 2309. * Pictet and Duparc, ibid., 1887, 20, 3418. 
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is possibly due to tbe intermediate production of ethylideae-anilme, aoetaJdebyde Wng firifc 
formed from the lactic acid by loss of HCOOH (as CO and H^O) : 



3* From oxaniUdCi etc. ; 


x.co 


Bauer ^ obtained isatina by tbe action of cone. HaSO* upon the dichIoro-di»imidi 
from oxamlides, e,g , : 


PhNH*C0»C0-NHPh 


Kn, 


cic:NPh 


C.H5- ' 


/COv 


The yields are small except in the case of o-toluidine ; 


Amine, 

Aniline 

o-ToIttidIne 

♦n-ToIuidino 

33 -Toluidine 

jo-Aniaidino 

o-Anisidine 


Yiebl of dkhhm- 
di-imuk. 

. 70% 

. 00 
. 70 
. 68 
. 78‘3 
. 3« 


CantYrmtit 
itUa imiin. 
15% 
41i 
!» 

10 

4 

nil 


(hrr-uU gitid 
0 / imtim, 

1»'S% 

4.5 

13 

It 

3 

nil 


w-Toluidine gives only one iaomeride, namely d-methylisatin : 

/\ ro 

NH 


The method has been applied to the preparation of T-bromoisatin from 0“bromoasiline.* 

Phenyloxamic ester, PhNH*CO*COOEt, does not appear to undergo ring-closurf»* but 

I 42' 2m j 13.E..P. i03m 

* l^od ftnder, Bmokner and Dcutach, Ann,, 1912, 888. 37. 

3 Schad, Ber,, 1893, 26, 222. 
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Reissert ^ obtained a small yield from pbenyltbio-oxamide and a ratber better one from tbe 
diphenyl derivative ; 


NH,B 

PhNH-CO-COOEt ^ PhNH-OO-OO-NHR 


P.S, 


> CeHg 


CS-NHR H.SO. 


'^nh/ 
/C:nr. 

C6H,/]^^J>co 


CO 


/C0\ 

C6H,/^^\C0. 


Much more satisfactory results were obtained by the action of oxalyl chloride upon secondary 
arylamines. This reaction was studied by StoUe,^ who converted the resulting oxamic chlorides 
into isatins by the action of heat or of AlOlg : 


COCl CICO Aioi. /CO. 

PhNHR+] ^ CeHg. >00 > > 0 . 

COCl \nr/ \nr/ 

(R = methyl, ethyl, benzyl, phenyl, a- or {3-naphthyl, anthraquinonyl, etc.) 

The intermediate oxamic chloride need not in aU cases be isolated ; e.g. a mixture of ethylaniline, 
oxalyl chloride and AlClg in CSg gives iV-ethylisatin directly. Di-jS-naphthyloxamic chloride 
undergoes cyclisation even in warm ether (without AlClg) and the diphenyl compound only 
requires a temperature of 100°. 

Various V-anthraquinonylisatins are described in the Bayer patent, D.R.-P. 286096, in 
which is mentioned the condensation of oxalyl chloride with the following compounds : 



ArNH NH'COPh 


(At = Ph, ^)-C7H7.) (Ar == _2?-C7H7, P-OJ0H7.) 


Ar 

From oxamic chlorides of the type ^,>N*CO'CO01, where Ar and Ar' are different aryl 

radicals, Stoll4’s method leads to two isomeric isatins. Thus ^ the oxamic chloride from phenyl- 
a-naphthylamine yields the two isatins : 


/CO. fi/CO-v 

CqHZ >00 and CioH 6< >C0 
^N.-CioH7(a-) >NPh/ 

(Main product.) 

1 Per., 1904, 37, 3724. 

* lUd., 1913, 46, 3915; J. pr. Chem., 1922, 105, 137; D.R.-PP. 281046, 282490, 335763; Staudinger, 
Swiss Pats. 92688, 93486-93489. ^ Stolid, J, pr, Chem., 1922, 105, 137. 
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(no perinaphtliisatin is jEormed). Only the naphtliisatin results from plienyl-/ 9 -naplit]iyl- 
amine. 

Tricliloroacetyl oKloride may be used in place of oxalyl cbloride : ^ 


CCL 


CeHs 


0 eH 4 <(, 


CCI 


3\ AIC3, 

(R = methyl, ethyl, phenyl). 


2 \ 

\oo 


but dichloroacetyl derivatives of diphenylamine and methylamine fail to undergo ring-closure. 


GS-NHa 


4. Sandmeyer’s method from thiocarbanilide : Cgs \ri 

^NH/ 

The two Sandmeyer methods are closely related. In both an amidine is prepared ^in the 

first, a cyanoformamidine * (I), and in the second an wonitrosoacetamidine (II), which may 
be converted into the former by dehydration : 


CNv 

Atv ^CINAr 


ch:noh 

(I.) (II.) 

The nitrile is obtained by the action of KCN and PbCOg upon thiocarbanilide or its homologues : * 


CS 2 -f 2ArNHa 


Ar-NH-fj-SH ^ 

NAr Pboo, 


ArNH-p-ON 
NAr ’ 


It is then treated with ammonium sulphide to give the thioamide,^ from which an isatin- 
a-arylamide is obtained by the action of cone. *112804 ^ : 


ArNH-f^-CN 

iirAr 


AmSH 


SH-OINHi 


H,S 04 


/00\ 

Ar< >C:NAr. 

NnH/ 


The indigo is then easily prepared by Bayer’s method — ^reduction wth ammonium sulphide. ^ 
An attempt to convert the nitrile Erectly into isatin by the, action of cone. II2SO4 gave only 
a very small yield.® AICI3, however, brings about the ring-closure quite smoothly : ^ 

.CO. 


C=K 

CeHgv >C:NPh 


Aid, 


/C:nh. 

CeH4< >C:NPh 


C6H4 


/ 


i.’NPh. 


^ Stolid, he. cit, p. 147; D.R.-P. 341112. 

! f 1903, 2, 129; D.R.-PP. 115169, 116663, 264265. 

6 IIS’ \ ^ D.R.-PP. 113980, 113981, 115465, 152019, 163418, 264266. 

7 S'S-'S' SS’ oinS’ ® Schultz, Herzog and Rhode, J. pr. Ohem., 1906, 74, 74, 76. 

, 1 , 269750, 277396; Bonnefoy and Martinet, Compt. rend,, 1921, 172, 220. 

* This term seems preferable to the more usual “ hydrocyancarbodiphenylimide.” 
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The cyanoformamidines from o-, wi-tolmdines, jp-chloroaniline, 6-cliloro-o-toliiidiiie and 
/5-naphthylanoine behave similarly. 

The Sandmeyer method has been applied to thiocarbanilides derived from the following 
amines : 


Aiuline ... 

0 - , jo-Toluidines . 
TJi-ToMdine 

a-, jS-Naphthylamines . 

1- Cliloro-2-naplithylamiiie 
l-Bromo-2-naplithylamme 


. D,R.-PP. 115169, 113978. 

. D.R.-PP. 115464, 115465, 116563. 
. Bonnefoy and Martinet, loc. cit. 

. D.R.-P.P. 152019, 153418. 

• |d.R.-P. 264265. 


CH.NOH 

5. Sandmeyer’s method from chloral, hydroxylamine [and arylamines : 

Sandmeyer in 1899 ^ condensed together chloral hydrate, hydroxylamine and aniline and 
obtained iisonitrosoacetodiphenylamidine (I), which by the action of cone. HgSO^ was converted 
almost quantitatively into isatin-a-anilide (II) : 


^\nh/ 


G 


2PhNH2 + COlg-CHO + NH^OH 

oh:noh ^c:nh. 

^\nh/ 

(I 


CoRkk ^CINPh 


H,SO* 


PhNH. 

>c-ch:noh 

PhN^ 

CO> 


(I.) 


yc:mh. o^b./ >o:NTh. 

-NH/ ^ 


(11.) 


The yields are just as good when the hydroxylamine is replaced by its mono- or di-sulphonic 
acid (obtained by Easohig’s method from NaNOg and NaHSOg), though it is usual in this case 
to hydrolyse the sulphonic acid first to NHgOH by boiling with dilute acid.^ 

The reaction has been further investigated by Martinet and Coisset,® who find that in neutral 
solution aniline reacts with chloral oxime to form the isonitroso-amidine (III), but in dilute acid 
the product is 'isonitroso-acetanilide (IV) : 


COVCHINOH-f 2PhNH2 



PhNHv 

>o-oh:noh 

PhN^ 

(HI.) 


PhNH-CO-CH:NOH 


(IV.) 


On adding hydroxylamine hydrochloride and chloral hydrate to a boiling solution of 4-chloro- 
2-anisidine hydrochloride, Martinet and Ooisset obtained after 5-10 minutes the ■isonitrosoacetyl 

1 D.R.-PP, 113848, 113981, 123887. 

2 D.R.-PP. 313725, 320647; Pr. Pat. 501153; Sandmeyer, Helv. CUm. Acta, 1919, 2, 234. 

3 Compt. rend., 1921, 172, 1234. 
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derivative 
isatin : 


of tlie base, and this was conyerted bj cone. H 2 SO 4 at 75° into the 


9> 

90 

6 ™ 


Me 


corresponding 


The method is especially suitable for halogenated isatins, but fails with p-anisidine and 
jp-phenetidine.^ 

The isonitroso-amidines are readily dehydrated by to give cyanoformaioidines (V), from 
which isatins may be obtained by the methods described in the preceding section : 

Ar-NH-C-OHINOH ArNH-C-ON 

NAr kAr ' 

(V.) 

<> 

Isatins have been prepared by the Sandmeyer chloral method from the following arylamines : 


Aniline. 

References. 
1, 2, 3, 6 

j)-Bromoaniline. 

References. 

4 

o-Toluidine. 

4 

2 : 6-Dichloroaniline. 

4 

w-Toluidine. 

4 

2 : 4-Dibromoaniline. 

4 

jj-Toluidine. 

4 

4-Cbloro-o-anisidine. 

4, 6 

4-m-Xylidine. 

4 

3-Bromo-p-toluidine. 

8 

;p-Xylidine. 

4 

Antbranilic acid. 

4 

o-Anisidine. 

4 

Metbylaniline. 

4 

jp-Phenetidine. 

4, 7 

Ethylaniline. 

4 

2 J-Ohloroaniline. 

4 

Benzylaniline. 

4 



4 : 4'-Diaminodipbenylmethane. 6 


References. 

^ D.R.-PP. 113848, 113981, 123887. ® Fr. Pat. 601153. ® Sandmeyer, Helv. CMm. Acta, 1919, 2, 234. 

* D.R.-PP. 313726, 320647, * E.P. 128122. » Martinet and Coisset, Gompt. rend., 1921, 172, 1234. 

« Borsciie and Meyer, Ber., 1921, 54, 2841. ’ Halberkann, ibid., p. 3079. s R^ggy ^^d Ortodocsu, 

BvM., 1923, [iv], 33, 1297. 


X-C. 

6. From a -halogenated ketones, etc., and arylamines : Cev. yC 

\^/ 

By the action of NH 3 upon phenacyl bromide, Staedel.^ obtained dihydrodiphenylpyrazine 
(“ isoindole ”) : ® 

/OPhrOHv 

PhCO-CHaBr — > [PhCO-CH2-NH2] NH< >NH. 

\ch:c!pii/ 


1 Halberkann, Ber., 1921, 54, 3079. 

® See V. Meyer and Treadwell, ibid., 1883, 16, 342. 


* Ibid., 1880, 13, 836. 
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Boiling aniliiie, however, behaves differently, giving “ dipbenyldiisoindole,” ^ wbicli was shown 
later to be a-pbenyHndole, not the ^-isomeride, as might be expected.^ This curious result was 
explained by Bischler : ^ 


PhOO-OHaBr + 2PhNH2 


CH-NHPh 


CeH^ 


/^^^CPh + Phm,. 


In accordance with this explanation, Bischler showed that phenacyl-arylamines when heated 
with anihne all gave the same a-phenylindole, while phenacylanUine heated with substituted 
anilines gave a-phenyhndoles substituted in the nucleus : 

' + NHgAr. 

Ar/^^'^CPh + NHaPh. 

\NH/ 

ophenyl.) 

This view of the reaction brings it into line with Nencld and Berlinerblau’s preparation * of 
methyiketol from chloroacetone and aniline : 

CH-NHPh /CH.v 

2PhNH2 + ClCHgCOMe — > CeHs. ^OMe CeSZ >CMe, 

and with Berlinerblau’s synthesis of indole by the action of aruHne upon chloroacetaldehyde (or 
upon dichlorodiethyl ether, OlOHa’OHCbOEt, which readily hydrolyses to C1CH2*0H0) : ® 


CHa-NHAr 

CH-NHAr 



CHg-NHPh 

CH-NHPh 



(Ar 

= 0 -, m-, p-tolyl, m-c 


2PhNH2 + OlCHa-CHO 


CH-NHPh 


C«H 




CH 




Vladesco ® similarly obtained indoles from a-chloropropyl methyl ketone and aniline or 
methylaniline : 

CMe-NMePh /OMe^ 

2PhNHR + ClOHMe-COMe — > CeHs^^^^^CMe — > /CMe. 

+ PhNHMe 

(R = H, Me.) 

Vladesco’s results were confirmed by Richard,'^ who was unable, however, to repeat the prepara- 
tion of methylketol by Nencki and Berlinerblau’s method from aniline and chloroacetone, the 
only product being phenylaminoacetone. 

Phenylacyl bromide and methylaniline yield l-methyl-2-phenylindole,® and the method has 
1 MoMau, Ren, 1882, 15, 2480. 

a Wolff, ibid., 1888, 21, 123; MoMau, ibid., p. 510; Fischer and Schmidt, ibid., pp. 1071, 1811. 

3 Ibid., 1892, 25, 2860. " Ibid., 1887, 20, Ref. 753; D.R.-P. 40889 

5 Monatsh., 1887, 8, 180, 187; Wolff, Ber., 1887, 20, 427; 1888, 21 123, 3360; D.R.-P. 40889. 

« Bull, 1892, [iii], 6, 826. ’ Compt. rend., 1907, 145, 129. « Cullmann, Ber., 1888, 21, 2595. 
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been used by Hell and Bauer ^ for tbe preparation of metboxy- and etboxy-arylindoles from 
anetbole and eugenol ethyl ether : 

ehromio 
acid 

ArCHICHMe ArCHBr-CHMeBr ^ . Ar-CO-CHMeBr 

2PhHH, :CMe-NHPh 

(Ar = p-anisyl or 4-ethoxy-3-methoxyphenyl.) 


C >CAr. 
\NH/ 


The anilides, toluidides, etc., obtained from benzoin are converted into indoles when heated 
with arylamine hydrochlorides : ^ 


p-OjHj'NHa + 


)HPh-NHPh 

10-Ph 


Me-j^ 


\/ 

NH 


NHPh 

pPh' 

CPh 




■ Ph 


HH 


Naphthylamines in the same way give a- and /(?-naphthindoles. 

A very similar synthesis of 2-benzoyl-3-phenyhndole is described by Wieland and Bloch : ® 


2, 0 phco-g=:c: 

PhCO-CHa-COPh -LL> ^ 


Ph 


V 


rPhCO-G-COPh] SPhNH. 


PhC0‘0H-C0Ph 

NHPh 


NHPh 
ciph.v 


/OPh. 

■> CeHaC >C-C0Ph. 
\NH/ 


Wohl and Lange ^ failed to obtain indole from anihne and chloroacetal, the product being 
apparently a highly polymerised phenylaminoethylene : 


PhNHa + ClCH2-CH(OBt)2 


[PhNH'CHIOHaJe. 


The formation of indole by the distillation with zinc dust of the oxidation product of ethylene- 
diphenyldiamine ® probably belongs to this type of synthesis : 


Ph 


CIL-NHPh 


\ 


"^nh/ 


CHo 


C«H 


CHNHPh 


\nh/ 


CH 


/CH<. 

CbH/ ^CH. 

\nh/ 


The alkaline fusion of ethylenediphenyldiamine is said to yield indoxyl ® 

1 5er., 1904, 37, 866, 872. 

* Bischler and Pireman, ibid., 1893, 26, 1336; Japp and Murray, J.C.S., 1894, 65, 889. 
3 Ber., 1904, 37, 1524; 1906, 39, 1488. * Ibid., 1907, 40, 4727. 

« Prud’homme, Bull, 1877, [ii], 28, 558. « D.K.-P. 220172. 
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^ PoliMeri obtained indole in 6% yield by beating the dianilide of tartaric acid at 260-270®. 
Dianibnosnccinanilide (I) is first produced : 


OH-CH-CO-NHPh. 

OH-CH-CO-NHPli 


PbNH-CH-CONHPb 

•OeHs. \ 


(I.) 


C.h/^%CH. 


Scatole is produced by tbe action of ZnClg upon a mixture of aniline and glycerol.^ Tbe 
reaction may be represented tbus : . 


CH„OH-CHOH-CH,OH 


CH,:CH-CHO 


+2PhNH. CMe-NHPh 


/CMe^v 


Bamberger and Eiitscbelt ® observed a similar formation of scatole (and quinoline) from tbe 
compound PblSTH-CHaCHOH-GHaOEt : 

PbNH*CHO + C1CH2-CH0H*CH,C1 + NaOEt —> 

HOI 

PbNH-CHa-CHOH-OHaOBt PbNH-CHg-CHOH-CHoOH 



CO-R 

7. From cyclic ketones and aminoacetone, etc. : Cg 

Tbis extension of Knorr’s pyrrole synthesis (p. 70) has” been appbed^by Piloty* to tbe 
preparation of dimetbyldibydropyrrindole fromj succinylsuccinic ester, wbicb is converted 
during tbe reaction into dibydroquinol : 





2 + 2NH2OH0COCH3 


NH CH, 


9H2 q pH COMe 
MeCO CH 0 CHa 



CH C 

II II 

MeC C 


CMe 

'oh • 


CH. NH 


1 Ber., 1891, 24, 2955. 
^ Ibid., 1894, 27, 3421. 


2 Fischer and German, ibid., 1883, 16, 710. 
^ Ibid., 1910, 43, 489. 
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a-Aminocamphor and acetylacetone were condensed together by Duden : 


CMe 

/ \ 

CHg CO CHo-COMe 

\ CMe^l + I 
CH, OH OOMe 

\ /X 

CH NH, 


CMe 
/ \ 

CHg C — C-COMe 

jH.n L 


No indole derivative could be obtained by Feist and Stenger 2 from pbenantbraquinone and 
/S-aminocrotonic ester {cf. Pyrroles, p. 76) : 


, fJH-COOEt 
^CMe 

X-./ NH„ 


8. From chloroacetylated arylamines, etc. : Cev '^C 

\n/ 

^-Emmoetbylmetbylaniline gives only a poor yield of N-metbyHndoline when treated with 
alnminiiim chloride : 2 


PhNEMe + CABr 


^6^5^ \CHa 

^NMe/ 






Much more satisfactory results are obtained with the chloroacetyl derivatives of secondary 
arylamines : ^ 

CeHg. \C0 ^ CeHX >C0. 

^NR/ 160 - 180 “ 

(9,0-100% yield.) 

(R=Me, Et, Ph.) 

This method has been extended to the preparation of oxindoles from primary arylamines : ® 


\NR/ 160 - 180 “ \NrX 


(Ar = phenyl, o~ and p-tolyl.) 

1 Ann., 1900, 313, 25; Ser., 1901, 34, 3064. 2 Thi/i iqo2 

4 qJ- ^ MiiUer, ibid., 1917, 50, 1637; 1918, 51, 273. ’’ ’ ’ ‘ 

StoU6, ^bid., 1914, 47, 2120; D.R.-P. 336763. ^ j^em, J. pr. Chem., 1922, 105, 137. 


2 Alois 


* 

Af< >CO 

\nh/ 


FROM ARYLGLYCINES I09 

It IS not applicable to the primary napbtbylaiiiineS} oc“ai3amoaiitbraqiiiiioiie or w~pbeiiyleiie- 
diamine. Chloroacetylbemsylamline loses its benzyl group and gives oxindole. 

Tbe preparation of 3 . 3-dicbloro-oxindoles from tricbloroacetyl derivatives bas alreddv 
been mentioned (p. 102). 

BromoacetaniHde is converted into indigo by fusion with aUcaH.i In this case, however, the 
reaction proceeds dipbenyldiketopiperazine, which may be obtained frombromo- or chloro- 
acetanilide by the action of alcoholic KOH and which yields indigo when fused with alkali : 2 


2PhNH’C0*CH«Cl 


PhN<f- \NPh 




_ 


PhNH-CHa'COOH — >• Indigo. 

Phenylglycine. -* 


The chloroacetyl derivatives of m- and p-toluidines similarly give dimethylindigos. ® 

^ The chloroacetyl compounds for these syntheses are conveniently prepared by the action of a 
mixture of chloroacetio acid and thionyl chloride upon the base.^ 


\ 


9. From arylglycines ; C 


^CH 


In Heumann’s first s^theais of indigo « phenylglycine is melted with NaOH, giving indoxyl, 
which is converted by air oxidation into indigo : 


COOH 


-ir,o 


/CO. 

CeH/ \CH. 


4 0, 




/CO. /CO. 
CA< >C)=:C< >C«H, 


'NH- 




6XA4. 


From o-tolyl- and w-xylyl-glycincs the corresponding methylated indigos are obtained,® but the 
reaction fails with iJ-tolylglycine.’ The glycines from ethylaniline ® and ethyl-p-toluidine ® 
undergo ring-closure more easily than the non-alkylated substances, but the products are of no 
commercial interest. 

The yield resulting from the ordinary melt with NaOII is small, and numerous modifications 
and additions have been suggested, generally with a view to eliminate the water formed in the 
reaction. Addition of sodium oxide, sodium, sodium hydride or amalgam, sodium 
nitride, sodium carbide, calcium carbid(i or magnesium improves the yield. Anhydrous 
NaOH,^*^ a mixture of PTaOH, KOH and CaO,^® NaOH with NaOEt and NaOH with amyl 
alcohol have also been used. The intimate mixture of the glycine and alkali obtained by 


^ Fliram, Ber., 1890, 03, 57, 

* Kiihara and Chikashij^o, J. f\ B., Alrntr. IO(K), i, 500; Amer. dim. J., 1902, 27, 1. 

® /dm, be. cit.; Eckemroth, Her., IH91, 24, 698. « D.R.-P. 176686. 

s Hemnann, 1890, 23, 3043; JJicdmnaim and Lepetit, ibid., p. 3289; Loderer, J. m. diem., 1890, 
42, 383, 565; 1891, 48, 303; Htnmmnn, ibid., p. Ill; 1).R..P. 54626. 

« D.R..PP. 68276, 0171 1, 61712. ’ Hemnann, Jkr., 1891, 24, 1346. 8 d.R.-P. 58276. 

» r).R,.p. 63309. 10 D.R.-PP. 165691, 212815. 11 D.R.-PP. 189021, 216049. 

« I).R..PP. 163039, 160074, 166213. D.R.-P. 166214. Pr. Pat. 602836. 

I),R..P. 166214. w 1).R..P. 195362. ” D.R.-P. 179933. 

« D.R..P. 63310. 1).R.-P. 138003. D. Pat. Anm. V 11014/1912. 
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evaporating tlie aqueous solution in mcuo ^ also gives good results, but tbe best condensing 
agent is sodamide ^ or a mixture of sodamide and KCN". With this rnixture even p-tolylglycine 
can be made to give a satisfactory yield of dimetbyHndigo. Modifications of tbe sodamide 
method are claimed in D.R.-PP. 16644:7, 179769 and Fr. Pats. 483836, b02837. Other sodio 
derivatives suggested are sodium cyanamide ® and sodio-aniline.* 

When the alkaline fusion is performed in the presence of only a limited amount of air the 
products are leuco-mdigo and isatin.® 

Phenylglycine may be'replaced by the phosgenated derivative, 0O(NPh*0H2*COOEt)2.® 

The ring-closure may also be brought about by other methods. Phenylglycine is converted 
by oleum into an indigodisulphonic acid and its iV-allcylated derivatives behave similarly.® 
This method has been appHed to o-, m- and p-chlorophenylglycines ,and to 2 : 4-dichloro- 
phenylglycine by Schwalbe and Jochheim.® 

AlClg has been employed for the preparation of indoxyls from acetylphenylglycine and 
/S-naphthylglycine ester : 


/\ 

NH 


(pOOEt 


Alois 




k 






CH, 


NH 

P-Naphthindoxyl.] 


■ For the manufacture of phenylglycines two methods are of technical importance. In the 
first of these, aniline (or its homologues) is condensed with chloroacetic acid 


ArNHj -f CICH 2 OOOH — > ArNH-CHaSOOOH, 

or nitrobenzene etc., may be reduced with iron and chloroacetic acid.^® Phenylglycine may also 
be obtained from its amyl ester by hydrolysis with aqueous KOH, the ester being prepared 
from amyl chloroacetate. The ethyl ester requires alcoholic KOH for its hydrolysis. 

In the second commercial method for arylglycines, the arylamine is condensed first with 
formaldehyde and KCN,^* or with formaldehyde-bisulphite and KCN and the resulting aryl- 
aminoacetonitrile is hydrolysed with aqueous alkah : 

XON 

ArNHg + HCHO — > ArNH-CHgOH ^ ArNH-CHg-CN^ 

ArNH-CHa-COOH. 

KOX 

ArNHj -f CH 2 ( 0 H)-S 03 Na ArNHCHaSOgNa ^ ArNHCHgCN 


Accordmg to D.R.-P. 181723, phenyUiydrazine may be used instead of aniline in the bisulphite 

1 D.R..P. 152548. « D.B.-PP. 137955, 180394. » D. Pat. Anm. B 31030, B 41708/1908. 

* D. Pat. Anm. B 41924. « D.R.-P. 105102. « D.R.-P. 123368. 

’ D.R.-P. 63218 ; Heymanu, Ber., 1891,24, 1476, 3066; Knietsch, ibid., p. 2086; Vorlander and Schubert, 
iftid., 1901, 34, 1860. 8 r).R..p. 08372. 

9 Bid., 1908, 41, 3798. w D.R.-P. 188436. “ D.R.-P. 216639. 

« Wiehelhana, Ber., 1893, 26, 2547 ; D.R.-PP. 69636, 79861, 167698, 177491, 244603. 

^3 D.R.-P. 175797. w D.R.-PP. 136332, 145376, 151638, 157617; D, Pat. Anm. E 16498. 

“ D.R..PP. 132621, 156760. “ D.R.-P. 169186. 
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nw^od, Th^mteile is also obtained by beating a mixture of aniline and f ormaldebydecyaobydrin 

PbNHj ~{~ {OH)*CHa-CN — >■ PliNH-CHg-CF. 

Imbert J baa patented tbe preparation of pbenylglycine ester, together with a small amount of 
tbe anmde, by tbe condensation of anibne with diclilorovinyl ether : 

litiVir 

ClCHX'Cl-OEt. --y CICH,-COOEt -A- PhNH-CH,-COOEt. 

Phuuyl- m<l b.lyl-glydiu* aro also formed by the reduction of the oxamio acid, 
ArNH-CO-COOH. with zinc dust and IlGl.s “ 

/3-Hydroxyrthyl-aniUne, prepared from aniline and otliyleno chlorohydrin, gives indoxvl when 
fused with alkali.* Phonylglycine is probably an intermediate stage : ^ 

PI.NH,+ ClCir,CH.OH -> PhNH-Oir.(;H,OH -y Pl,NH-CH,-COOH -y indo^l. 

A similar oxidation to phenylglycino may account for the production of indoxvl bv the alkaline 
fusion of etbylencxiiphenyldiarnine, PhNii'OHjj'GIIg'NHPh.® 

Arylaminomalonic caters are converttHl by the action of heat into indoxylio esters « : 

COOEt 

ArNH* + BrCHfCOOEt), Ar,^^^^GH*COOEt Af<;^ ^CH*COOEt. 


In the case of phenykminomalonic ester, a temjKsrature of 260-265° is necessary; the o- and 
p*tolyl compounds undergo ring-closure at a siimewhat lower temperature, the m-xylyl at 240° 
and the a- and^-nsphthyl derivatives at 2(Xf . Conrad and Reinbach ? showed that diketo- 
piperaanm of the type 

1 .-CH-COv 
N/ >N 

^”CO*CH/ 1 
CO— GjH* 

are formed m by-produets. These may be converted into indoxylic acids by fusion with alkali 
at 26(b-280°.» 

An indigo baa recently been (jbtained from 2-aminfKliphenylene oxide by the bromomalonic 
Mter roethcMi ® : 


\/\/ 


COOEfCH-COOEt 

V J-NH 


\/\ 


nlk, fuxlon 


corresponding indigo. 


•COOEt 


* 1>,R..F. I380«8. * D.R.-P. 108624; E.P. 1.1176/1907. 8 D.R..p. 64909. 

< I>,R..FF. 161040, 171172; E.P. I.m6 *l»04. » D.E.-P. 220172. 

Blank, /fen. 1806, SI, 1812; D.E.-P. 109416. ’ Ikr., 1902, 85, 523. 

• 0.R..F. 120001. » Porsche and Seliacke, /fen, 1923, 66, 2498. 
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A development from Henmann’s synthesis wMch has additional interest now that benzene 
can be converted cheaply into maleic acid is the preparation of indigo from aniline and dibromo- 
maleic anhydride : ^ 

Br-0=:C*Br PhNH-C=C.NHPh 

2PhNH2+ to to — > CO to 

0 0^ 


aq. STaOH COONa >COONa 

> OflHgy — QC yCftHi 


NaNH. 


yCO . yCO 






200 ° 


> CeH,< >C=C<^ \C«H.. 






Vorlander ^ failed to obtain any trace of indigo by the alkaline fusion of the corresponding 
succinic derivative : 


C, 


COONa 




COONa 


but the conversion has recently been found to proceed quite smoothly (60% yield) when NaOH, 
KOH and NaNHa are used in the presence of NHg at 230-240°.® The above intermediate is 
readily prepared from the dibromide of fumario acid by the action of aniline. 

N : iV-Diphenyldiketopiperazine (I) as a source of phenylglycine (11) has already been 
mentioned (p. 109). Another compound closely related to phenylglycine is 1-phenylhydantoin 
(III) : 

PhN<^^.2;^>NPh PhNH-CHa-COOH 

(I.)' (11.) (III.) 

Phenyl- and o-tolyl-hydantoins give the corresponding indigos.when fused with alkali, barium 
oxide * and sodamide ® being especially suitable. 

A 6 : 5'-6mndigo has been obtained from benzidine by the chloroacetio acid method.® 


X-Cv 

10. From arylamines and glyoxal -bisulphite ; Cgv 

\n/ 


In Hinsberg’s synthesis an arylamine is condensed with a hot aqueous-alcoholic solution 
of glyoxal-bisulphite. Primary amines of the benzene series are converted into a mixture 
of arylglycine and the corresponding arylamide, the latter being usually the main product * : 


)H(OH)-S03Na 

!H(OH)-S03Na 


"(fHa-SOgNa" 
.OO-SOaNa _ 



CHa-NHAr 

COOH 



(JHa-NHAr 
^ CO-NHAr 


1 Salmony and Simonis, Ber., 1905, 38, 2600. * JUd., 1894, 27, 1604. 

3 Bailey and Potter, J. A. C. 8., 1922, 44, 216. « D.E.-P. 142700. 

6 D.R.-P. 132477. « D.E.-P. 300094. 

* Both may, of course, he converted into indigos by alkaline fusion (preceding section). 
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Piperidine behaves similarly, but 6-aininoquiiioline gives only a diaminoetbane derivative^; 



(JH— NH- 
O-SO^Na 


\/\/^ 

N 


With secondary amines of the benzene series and with all naphtbylamine derivatives ring- 
closure occurs and an oxindole sulphurous ester is formed : 


2ArhrHR + 


OH-CH-SOgNa 

OH-CH-SO«Na 


ArNR* 9 H-S 03 Na 

ArNR-CH-SOgNa 


NRAr 

dn-SOghTa 



■ /CHCSOgNa)^ 

Af< >CH*S03Na 

\ — nr / 




O-SOoNa. 


The products may be converted into oxindoles (with a small proportion of indoles) by warming 
with HOI at 80-90°, into indoles by distillation with zinc dust and into dihydroindoles by 
reduction with Sn and HCl : 


/CH^ 

Af< ^-O-SOaNa 


HOI 




and 


A<°%OH 


Ar/*^^^-O-S02Na 

\nr/ ! 


zinc dust 


A<°%H 


Sn+HCl 


■> 


/CHa. 

Af< >CH». 

\nr-/^ 


The oxindole sulphurous esters are in every case accompanied by a small amount of the 
glycine-amide formed as mentioned above. 

The reaction has been applied to the following arylamines : 


(a) Giving only glycines and 
glycine-amides. 
Aniline. 
o-Toluidine. 

_p-Toluidine. 

(Benzylamine.) 

jp-Aminoplienol. 

p-Aminodimethylaniline. 

Piperidine. 


References. 

(b) Giving oxindole derivatives. 

References. 

1,6 

Methylaniline. 

3 

3 

Ethylaniline. 

3 

1 

Methyl-^5-phenetidine. 

6 

2 

a-Naphthylamine. 

1 

6 

P-Naphthylamine. 

1,4 

6 

1 : 8-lsraphthylamiaesulphonic acid 


3 

(“ Peri-acid ”). 

6 


Methyl-p-naphthylamine. 

6 


Ethyl-(3-naphthylamine. 

2, 3 


References. 

^ Hinaberg, Ber., 1888, 21, 110. ® Idem, ibid., 1892, 25, 2545. ® Hinsberg and Rosenzweig, ibid., 

1894, 27, 3263. * Hinsberg and Simcoff, ibid., 1898, 31, 251. ® Pschorr and Kubtz, ibid., 1905, 38, 219. 

® Pschorr and Karo, ibid., 1906, 39, 3142. ’ Hinsberg, ibid., 1908, 41, 1367. 


8 


^ Hinsberg, Ber., 1908, 41, 1372. 
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.GOOH 

11. From o-carboxyphenylglycines, etc. : C6<^ /CH 

In Henmann’s second synthesis of indigo ^ phenylglycine-o-carboxylic acid is fused with 
alkah to give indoxyhc acid, which is converted by air oxidation into indigo : 

/COOH _Ho /COv zfdo, 

C,H,<( .CHjOOOH C,H./^^\CH’COOH ^ Indigo. 

The anilide, COOH'CeH^'NH-CHa-CONHPh,^ or the acetylated ester : 

COOH-OeH^-NAc-GHa-COOEt,^ 

may be used instead of the free acid or its salts. 

When the melt is carried out at 280-300° a mixture of indigo with about 20% of indole results A 
The ester, COOBt*C 6 H 4 *NH*CH 2 *COOBt, or its acetyl derivative is converted into indoxylic 
ester by treatment with Na or NaOEt,® with sodium amyl oxide ® or with sodioacetanihde.’ 
This reaction has been studied by Vorlander and Schilling.® The acetylated ester gives 
leucoindigo when warmed with 20% NaOH at 100°, ring-closure being apparently facilitated 
by the acetylation of the 'NHa group.® 

Excellent yields of the O-acetate of iV-acetylindoxyl are obtained by the action of acetic 
anhydride upon phenylglycine-o-carboxylic acid,^® or its mono- and di-ethyl esters,^^ The 
0-acetyl group may be eliminated by treatment with NallSOg or NagHPO^ solution,^^ or both 
acetyl groups with hot aqueous alkali : 


/COOH 

OflHZ /CHaCOOH 

\nh/ 


acQtlo 

anhyd. 


^NAc — ^ 

CgH / . 

^NAc — ^ 


NaHSO, 


aUcali 






The ring-closure may also be brought about by heating the phenylglycinecarboxylic acid or 
its esters, amides or anihdes in glycerol, lactic acid or other high-boiling hydroxylated compounds.^® 
For the preparation of phenylglycine-o-carboxylic acid anthranilic acid is the starting material. 
This can be made fairly cheaply from phthahmide by the Hofmann reaction : 

/GO. /COOH 

CeHZ >NH -b NaOH -b NaOCl — > CbHZ 

\C0/ ^NHa 

1 Ber., 1890, 23, 3431; D.R.-PP. 66273, 85071, 85494, 142700, 152548, 232986; Vorltoder and v. Pfeiffer, 
Ber., 1919, 62, 326. 

* D.R.-P. 163677. » d.R.-P. 138177, * D.R.-P. 162683. 

« D.R.-PP. 106495, 126962. « D. Pat. Anm. F. 12903. ’ D.R.-P. 158089, 

8 Am., 1898, 801, 349. 

® Vorlfi-nder, Ber., 1902, 35, 1683 ; Vorlander and Weissbrenner, ibid., 1900, 33, 656 ; D. Pat. Anm. F. 10983. 
10 D.R..P. 113240. D.R.-P. 120321. 

1* D.R.-P. 108761. 13 D.R..P. 136638. 


FROM o-CARBOXYARYLGLYCINES 


Antliraailio acid may be condensed witi ohloioacetic acid or ester i as in the preparation of 
phenylglycme : 


moR 

CeH / 4- OICH 2 COOH 


,COOH 


‘\nH-CHo-COOH ‘ 


There is formed at the same time an appreciable amount of the tertiary amine (I), which by 
alkaline fusion is converted into indigodiacetic acid (II). ^ This is worthless as a dyestuff, but 
may be made to give indigo by oxidation followed by hydrolysis and alkaline fusion : ^ 


CeH^ 


,COOH 

-N(CH2C00H). 


.CO. CO. 

c,h/^\c=o<^_>c,h, 

ciHaCOOH (iH^COOH 

( 11 .) 


^NH-CHgCOOH 

(JH2COOH ^ HCOOH 


alk. fusion, 
eto. 


Indigo. 


"Vorlander and Mumme ^ have converted indigodiacetic acid (II) into N \ iV^'dimethyhndigo by 
removal of COg. 

The chloroacetio acid method has also been used by Fierz and Tobler ® for the preparation of 
linear ^-naphthindigo from 3-amino-2-naphthoio acid : 


•COOH 

■NHp 


\/\ 


COOH 

■NH-CHp-COOH 


CO.^ ^CO 
C=C^ 


\nh/ 


/\/\ 

\A/ 


Phenylglycine-o-carboxyhc acid is also prepared by the formaldehyde methods, with or 
without bisulphite ; ® 


.COOH 




+ HCHO + KCN 


.COOH 




NH-CHa-CH 


CsH/ 


COOH 


\nh-ch,-cooh. 


Tetrabromophenylglycinecarboxylic acid obtained by this method was converted into octa 
bromoindigo by Grandmougin.'^ 

Heller and Fiesselmann® have shown that when anthranilic acid is treated with formaldehyde,* 

1 D.E.-PP. 127178, 122687, 2 D.R.-P. 128965. * D.R.-P. 168292. 

* Ber., 1900, 83, 3182 ; 1902, 36, 1699. ^ Helv. CMm. Acta, 1922, 5, 568. 

0 D.R.-PP. 117924:, 120105, 123696, 132621, 138098, 167710, 158346, 216748. 

’ Compt. rend., 1921, 173, 982. » Ann., 1902, 324, 118. 

* The more commonly accepted structure for the formaldehyde compound of anthranilic acid is (HI), 
i.e. the anhydro derivative of the primary condensation product (IV) 

/-CO-O ,COOH 

o,h/ I c,H*c; 

(III.) (IV.) 
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the product is not COOH'CeH^-N.’CHa/ but methylene-diantbranilic acid, CH 2 (NH*C 6 H 4 *COOH)a. 
This is attacked even in the cold by aqueous KCN solution ; the products obtained vary according 
to the conditions ; . 2 

yCOOH 

‘■4 ' ' 


/COOH 

2C«H4< + HCHO 


■-2 

|^20H,0 

COOH COOH 


.COOH COOHv 

CeH4< >CeH, 

\NH-CH,— NH/ 


KON 


CeH^. 


NH-CHa-CN 


+ C,h/ 


ohAh, 


>CeH4 


> C«H, 


-N' 
CH 2 OH 






yCOOH 
®""^\n(CH2CN)j 


KOH 


CeH^ 


COOH 


COOH 
\nHo 


H(OH2COOH)2 

COOH 


COOH COOH. 

C.h/„ „„ .^>A^^2CA 


^\N— CHj 
CN-(iH, 


6h,cn 


\nH-CH2*COOH. 
+ HCHO 


The conversion of the nitrile into ester is described in D.R.-PP. 120138, 129375, 129562, 136779. 
The method has been applied to the preparation of N : iV-diarylindigos from phenyl- and ;p-chloro- 
phenyl-anthranilic acids by Priedlander and Kunz : ® 


C 6 H 4 


^COOH 

^NHAr 


CH,0+K0N 
^ 


/COOH 

CeH^ — ^ 

NNAr-CHaCN 
(Ar = Ph, i)-CiC 6 H 4 .) 



Indoxyl (and in some cases Zewcoindigo) has also been obtained in moderate 3 deld by the alkaline 
fusion of anthranihc acid with such hydroxylated substances as glycerol, mannitol, starch, 
cellulose,* or glucose.® Glucose is said to give an 80% yield of indigo. The mechanism of 
the reaction has been discussed by Ostromisslensky and Pamfilov.® The alkali acts as a true 
oxidising agent and the primary condensation product is converted into phenylglycine-o- 
carboxyhc acid. The 'CHaOH group of o-aminobenzyl alcohol is similarly oxidised to 'COOH 
when this substance is heated with glycerol and KOH at 280-300° even in an atmosphere of nitrogen. 

p-Toluidtne is no longer employed for the manufacture of phenylglycine-o-carboxylic acid. 
It was formerly condensed with chloroacetic acid (or ester), nitrosated, and finally oxidised with 
KMnO^;’ 


CjH/NH-CHa-COOH 



+HIT 0 , 


C,H7-H(CH2COOH)a 



CeH 


/CH 3 

^^N-CHaCOOH 

^0 


XMnO, 
^ 


/COOH 

CeH/ 

NN-CHaCOOH 

liro 


Ziuo 


+rraOH 


■> C«H, 


6-^^4 


^COOH 

"^NH-CHgCOOH ' 


^ As suggested by Miller and Plochl, Ber., 1892, 25, 2020, and in D.R.-PP. 117924, 158346. 

2 D.R.-P. 216749. 3 Ren, 1922, 55, 1698. 

‘ D.R.-PP. 106569,109319, 111067; Voswinkel, Ze? 2 «r., 1899, ii, 481. 

3 D.R.-P. 217946. « J. (7. R., Abstr. 1909, i, 838. 

? D.R.-PP. 121287, 127677, 135564, 138845; Vorlander and Schilling, Ber., 1901, 34, 1646. 
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o-CMorobenzoic acid, a by-product in the prepaxation of o-chlorobenzaldehyde, condenses 
with glycine to give phenylglycine-o-caiboxylic acid : 1 


/COOH 

CeH/ -f NHa-CHa-COOH 

\q1 


/COOH 

^NH-OHa-OOOH 


No arylglycine-o-carboxylic acid is obtainable from 3-bromoanthranilic acid (V) either by the 
chloroacetic acid method or by means of formaldehyde and KCN.^ The 7 : 7'-dibromoindigo 
was eventually prepared from o-bromoanihne by Bauer’s method (p. 100). 



OMe 

OMe 

/N-cn 

f N-conh, 



(VI.) 

(VII.) 


o-Oyano-m-anisidine (VI) also refused to condense with chloroacetic acid, though the correspond- 
ing amide (VII) reacted easily. 

The chloroacetic acid method or the formaldehyde method has been used for the preparation 
of indoxylio acids and indigos from the following substituted anthranilic acids.* 


Anthranilic acid 


mbstituent.f References. 

N-Phenyl- 12 

JV-jj-Chlorophenyl- 12 

(JV-Aoetio acid.) 3 

6-Ch.loro- 4 

4-Bromo- 11 

6-Broino> 11 

6-Bromo- 11 

6 : 6-Dichloro- 7 

3 : 6-Dichloro- 9 

4 : 6-Dibromo- 8 


Anthranilic acid 
substituent. References. 

3-Chloro-5-bromo- 9 

3- Brorao-5-chloro- 9 

Tetrachloro- 8 

6-Sulplio- 6, 6 

4- Nitro- 10 

4-Methoxy- 11 

6-Methoxy- 11 

4-Ethoxy- 11 

4- Hydroxyisopropyl- 14 

5- Carboxy- 2 

6- Carboxy- 1 

[3-Ainino-2-naphthoio acid 13] 


References. 

1 D.R.-P. 73687. « D.R.-P. 113240. » D.R.-P. 128956. « D.R.-P. 135638. ® D.R.-P. 143141. 

« D.R.-P. 164624. ’ D.R.-P. 216749. » D.R.-P. 220839. ® D.R.-P. 226689. “ Schwarz, 

Momtsh., 1906, 26, 1263. Friedlander, Bruckner and Deutsch, Ann., 1912, 388, 23. Priedlander 

and Kunz, Ber., 1922, 55, 1598. Pierz and Tobler, Helv. Chim. Acta, 1922, 5, 658. Phillips, 
J. A. G. S., 19^2, 44, 1775. 


1 D.R.-PP. 120900, 125456, 142506, 142507, 143902. 

^ EriedlSnder, Bruckner and Deutsch, Ann., 1912, 388, 37. 

* For references to indigo itself from anthranilic acid, see the preceding pages, 
t “ -COOH = 1, -NHj = 2.” 
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/COOH 

12. From 2 V-substituted anthranilic acids {other than glycines) : C 0 <; /CHaR 

Indoxyls and indigos may also be obtained by the alkaline fusion of compounds of tbe type 
/COOH 

C«H 4 \ .CHg-R, in which R is other than ‘COOH. The simplest case is methylanthranilic 
acid ^ or its formyl derivative : ^ 




COOH /CO. .. 

CH« CeH^C^ ^CHa Indigo. 


Ethylenedianthranilic acid in the same way gives indigo directly ^ : 


,COOH 


.COOH 


COOHs 


yVWXX y\J\J\JXJ. \J\J\JXX\^ 

yS-Hydroxyethylanthranihc acid, from anthranilic acid and ethylene chlorohydrin, yields indigo 
when fused with alkali : * 


/COOH 

CflH/ /CHa-CHaOH 

\nh/ 


/CO. 

CeHZ >CH*C00H 

\nh/ 


Indigo. 


Chloroacetone may be used in place of the ethylene chlorohydrin : ® 
.COOEt .COOEt 


C.H,<^^H H-ClCEjCOCHa — > CeH4<^^^^CHj( 

\-NrTT/ ^ 


,COMe 
CO, 


Scholtz ® has obtained an interesting indole derivative from phenacylanthranilic acid by the 
action of acetic anhydride : 


COOH 

exx 4 \ + BrCHa-COPh 


o«h/ 


.CO. 

CeH4<^ >CH-COPh 


/COOH acetlo 

CeH4<^^^^0Ha*C0Ph 


<^XX 

no. 


CO-CH« 


1 D.R.-PP. 79409, 137208. 


/C'OH yCO. 

C(,H4<; >G— CPh ^ 0eH4< >CH-CPh:OH-COOH. 

II \NH/ 




H 


» D.R.-PP. 139393, 146601, 


3 Prankel and Spiro, B&r., 1895, 28, 1686; D.R.-P. 83066. * D.R.-P. 163043. 


6 D.R..P. 111890. 


« Ren, 1918, 61, 1645. 
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/CN 

13, From o-cyanophenylglycine ; 


Indoxy! haa been prepared by the action of 35% NaOH at 90° upon o-cyanopbenylglycine, 
followed by alkaline fusion at 150-220° : ^ 




CM 

NO. 


Iron + 
nMtlo 


CftH ^ 


CN 


ani»(^3on 




C0H4/ /CHa-COOH 
\NH/ 


/C:nil 

C-HZ >CH-COOH 
\NH~/ 


ISaOH 


i&o-aso* 


/CO\ 

c.h<^>ch,. 


/CHO 

14, From o-aldehydophenylglycine ; Ce<^^^^GH 2 GOOH 


Oluud * prepared o-aldehydophenylglycine by tbe, following series of reactions : 


X’HO 


vCh:noh 


>ch:noh 

cyi4<; 

NnHXHj-CONHs 


NttHSO, 
>. 


+(m,H,804 



CHO 

NH-CHa-COOn' 


it is converted into indole (80%, yield) by heating it with acetic anhydride and sodium acetate ^ : 


XHO 



(<H 

Vm-COg + HaO. 
NIK 


yCHa 

15, From acylated o-toluidines (Madelung’s method) ; 


Mftutbiier and Buhla* (jhiained very small yields of methyl indoles by distdbng o-aceto- 
toluidine with zinc dust. Madelung,^ by using NaOEt or fused baryta in a current of hydrogen 
at 360 JI80“, improved the yiehl to : 




uib 


.COMe 


XttiiLt 
ai;u y.Hii® 


1 1 

^CMe 


* ClIuMCl, Frr., lOL'i, 48, 420; DJl.-P. LHS/OI. 
^ 262327; Fur., 1612, 46, 1128, U521 ; 


* J. V. S., 1613 , 103 , 1264 . 

* Momitah,, 1886 , 7 , 230 , 237 . 
Ann., 1014 , 404 , 1 ; 406 , 68 . 
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The reaction fails with formyl-o-tolmdine, but gives a good yield with acetyl- and benzoyl- 
compounds, especially when sodium amyloxide is used as condensing agent. Salway ^ has used 
this method for the synthesis of substances allied to physostigmine. 

From oxal-o-toluidide Madelung prepared di-indyl in 26 % yield. The di-isonitroso derivative 
on reduction gives a diamine which is converted into indigo by oxidation and hydrolysis : 


/CE3 CH3V NaOEt 

C,H.< /CO-CO-. >C.H, — > 


.OH. 

mu NOH 

II II 


NHa 

HNO, y H, 



NH NH 



0 /— y'C— \ 

/CO. 

/CO. 


Aoetyl-4-w-xylidine gives 2 : S-dimethylindole.^ 


/CHaX 

16. From isopropylaminobenzyl alcohol ; G6<; /GH 

\nh/ 


By dehydratiop of wopropylaminobenzyl alcohol Paal and Laudenheimer ^ prepared 2 : 2- 
dimethyldihydroindole : 


c,h/ 


CH20H 
^NrCMe, 


H. 


CeH,. 


/CHgOH 

/CHMe« 


‘- 2 '- 


— HjO 


CeH, 


/CH 2 




The closing of the ring in this manner seems to be due to the reactivity of the tertiary hydrogen 
of the ' 0 HMe 2 group, for no indole was obtained by v. Braun and Kruber ^ from 



pCHaOH 


CH 3 . 


1 /. 0. S.. 1913, 103, 361. 
» Ber., 1892, 25, 2974. 


* Salway, ibid., p. 1990. 

* Ibid., 1912, 45, 2977. 
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17» From derivatives of o-nitrostyrene, o-nitrocinnamic acid, etc. : C6<f 

\nh 


(a) In. lipp’s indole synthesis^ an o-ainino-to-cHoro 8 t 3 n:ene is heated with NaOEt at 
.CH:0HC1 ir 

o.hZ — 


\NH/ 


i 


yCH.v moEt 

CfiH / ^CHCl — ^ CeH/ Vh. 
^NHMe ^NMe-^ 


Ruggli * haa obteined “ dindole ” by a double application of this method. He finds alcoholic 
picric acid a convenient reagent for closing the first indole ring. Alcoholic KOH is necessary 
for the second ring-closure : 

.CE == C. j,. /CBr=CBr. u /CBr.v 

Cell/ >C«H4 — >C6H4 — OeH/ ^OBr-OflH^-NHa 

\nO, no/ \NOj m/ ^NHg 

NHa NH 

i CrT 


Kkxiltdln 
plwlo new 


I 

Vh 




ftlo.KDIl 


N/ 

NH 
Dindole. 



Poulds and Robinson’s preparation^ of 2-methyl-5 ; 6-methylenedioxyindole from nitrosafrole 
b a further example of Lipp’s method ; 

Ar< ^CHBr-CHaBr 

\NHAc 


CIL<nJ hi* — ^ ^ 

0 NUg nwtyWUm \NHAo 


NUrmiO^rok. 

»a<-. Kotr 


yOHg. 

AfC ^ 0 =CHj 


\nH' 


/CH. 


The halogen in these reactions may be replaced by 'NHCOOMe or even by ‘CoH^'NHg. Thus 
Weermaim * converted o-nitrocinnaraide into indole by the following series of reactions : 


CinCILCONlIg kcio^mooii ^ ^ / 

8**4x ^ 


an 


\NOg 
f 'If 

if*»» f 


CH:CH-NH-COOMe 

N0« 


(' IL 


«ua*»,.!a NH'COOMe 


50% KOH 


■OH, 


> CglL/^^^^CH+NHa-fKgCOg+MeOH. 


J /fen, 18S4, 17, loe?, 2«>7, * IhvL, 1017, 60, 880. 

* Mw. (mv. chim., 1010, 20, 18; Ann., 1913, 401, 14; D.R.-P. 213713. 


» J. 0. S., 1914, 105, 1969. 
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A quantitative yield of indole is obtained when 2 : 2'-diaminostilbene bydrocbloride is beated 
under reduced pressure at 170-186° : ^ i 




170 - 186 ° 


+ CeHfiNHa. 

CHo 


Here it is probable that rearrangement to CeH 4 <^ ^CH precedes the closing of 


the ring. 


NHo NHPh 


(6) A different type of reaction, involving intramolecular addition at the double linkage, is 
Widman’s synthesis of indole by distilling 3-nitro-4-wopropenylbenzoic acid with hme.*^ The 
naethyl group is apparently oxidised by the -NOg and eliminated as COg and HgO, the NOg being 
itself reduced to 'NKg, which then closes the ring by addition at the 0 0 bond. The yield is 
very small : * 


COOH'CsH/ 


CMelCHg 


COOH-CeH 


9 OOH 

/C=CH2 


NHo 




CeH^. 




\nh/ 




The suggestion of Usherwood and Whitely (see next section) may also apply here, the intermediate 
being 

\N(0H)/ 

'6 

V. Baeyer and Emmerhng ® obtained indole much more satisfactorily by heating o-nitro- 
cinnamic acid with iron fihngs and KOH ; 




oh:ch-cooh 

NOg 




OeH/ '^CH-COOH 


/CHg-v 

CgH/ >CH-COOH 
\N(0H)/ 


OeH/ >C-COOH 


C.H.< 


1 Thiele and Dimroth, Ber„ 1895, 28, 1411; D.R.-P. 84678. 2 Ber., 1872, 15, 2652. 

® Ibid,, 1869, 2, 680 ; Beilstein and Kuhlberg, Ann., 1872, 163, 141. 

* Cf. Pileti, Qazz., 1883, 13, 350, 378, 'wh.o reduced o-nitrocumio acid with, zinc dust and AmjS and 
obtained scatole in 10% yield ; 


/\ 

coohI^/’ 


CHMej 

NOj 


/CMev 

CeH/ >CH, 


FHOM o-NITROPHENYLACETYLENES 

A vmj similar rtaotion is described by Heller and Wnnderlicb : ^ 

yCH:c(CN)2 /Ch:c(cn)-conh2 

i- ^ C5H4<f >• CgH4<; 

, ^NOa \n02 
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.CHO 

\no- 


€.h/ + CH«(CN) 


C^H/ ^C(CN)-C0NH2 
^NHOH 


C6H4<( 


CH2-\ 


N(OH) 


/ 


C(CN)-C0NH2 


Tb« A-hydro3iy»compoimd is converted into 2-cyanodiliydroindole“2-carbonamide either by 
reduction with zlm and ammonia or, curiously enough, by oxidation with chromic acid. 

Stoermer and OeMert ^ assign an indolenone oxide structure to the product of the action of 
light upon o«nitro-p-oyano8tilbene. The yield is small : 


/\‘CH:CHPh 
CN*l i-NO, 


CN-t^ 


/C0\ 


CPh. 


\ ■Nr<^ 


N' 

'6 


18. From derivatives of o-nitrophenylacetylene : 


Cfl/^'^CR 


V. Baeyer in 1880 obtained indigo by the reduction of o-nitrophenylpropiohc acid with 
glucose in alkaline solution.** Under these conditions o-nitrobenzoylacetic acid is probably an 
intermediate product : 


.CsC-COOH 


CO-CTL-COOH 


CO 

CeH./ \CH,-C00H 

\nhoh 


CO 


CeH^/^^^CH-COOH 

Indoxylic acid. 


Air 


Indigo. 


Indoxylie acid is the final product when ammonium sulphide is useiL . 

o-Milrophenylpropiolic ester reacts differently with cone. HgSO^, isatin Wng 
yield,* As o-nitrobenzoylacetic ester is simply hydrolysed by cone. HabO^, some otner 


* ikrn 47. len. 

» I).E.-PF. 11857, 11858, 15518. 

* V. Bftcyar. ibid.t 1880, 18, 2250 ; 


* Ibid., 1902, 65, 1232. 
1881, 14, 1742; D.R.-P, 17656. 
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intermediate product must be formed from wMcb tbe isatogenic ester isolated by v. Baeyer is 
produced. Perkiu and Needbam ^ suggest tbe following series of reactions : 

NO2 






OeH,/ 


C(S 04 H) 2 v^ 


t I 
0 


O-OOOEt 


+h:.o 


,CO. 


.CO 


- 00 , 


0 

Isatogenic ester 
(Pfeiffer.) 


Isatogenic acid 
(v, Baeyer.) 


/CO. 

PH^CA<^^>00. 

Isatogen. Isatin. 


A suggestion bas been made by Usberwood and Wbiteley ^ that tbe isatogenic ester (Pfeiffer 
form^a) is derived from an intermediate acinitro-compound : 


QQ 

OcH^ \CH‘COOEt. 
\N(OH)/ 

0 


In a similar manner, from dinitrodipbenyldiacetylene v. Baeyer ® obtained di-isatogen by tbe 
action of oleum. This on reduction gave indigo : 


/ 




0.H, 


C;CH 

NO, 


oleum 


.C;C-Cu-C:C. 

CshZ >o«h, 

\N02 NOg/ 

CO 


EjI-eOy, 


? C,H 


0Xi4 


\no, no / 


C„H, 


6^x4 


b 0 

Di-isatogen. 


8H, 


C.H/ >=< >eH.. 


Tbe isatogen reaction bas been exhaustively studied by Pfeiffer ^ and by KuggH.® Pfeiffer 
found tbat, not only tbe nitrotolanes, but also tbe nitrostilbene dicblorides * from wbicb tbey are 
prepared are converted in pyridine solution by tbe action of sunbgbt into pbenybsatogens. 
Thus : 


c«h/ 


CiCPb 


^^NO, 


/CCKCHPb 


pyridine 

solution 


CHCl-CHClPb 


C4H4. 


/ 
"^NO^ 


■> 


sunlight 


0 

Phenylisatogen. 
(33% yield.) 


Zn 4- 


acetic 


/CO. 

C6H4/ \CHPb. 


Phenylindoxyl. 


1 J. 0. S., 1904, 85, 148. 

® Ber., 1882, 15, 50, 1775; D.R.-P. 19266. 


a Ibid., 1923, 123, 1077. 

* Ber., 1912, 45, 1819; Ann., 1916, 411, 72-156. 


^ Ber., 1917, 50, 883; Buggli and Bolliger, Helv. Chim. Acta, 1921, 4, 626-636. 
* See also Stoermer and Oehlert, p. 123, 


FROM o-NITROPHENYLACETYLENES 

PfeifEer prepared a series of arylisatogens of tlie types : 

.COv 
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1 1 
0 


CPh 


NO, 


V 

\/\n-/ * 

1 1 

0 


-R 


{E = H, -NOa, -ON, -OOOH.) (11 = Me, -OMe, -SOsH, -OAc, -OCO-CHMeEt. 

.00^ 

y\-^^ 

'6 

(R = H, Me, -OMe.) 


NO, 




C- 


6' 


■\_/ 

N 02 


ON 





He also showed that o-nitrophenylpropiolic esters gave a 50% yield of the corresponding 
isatogenio esters when warmed in pyridine. In the case of the 2 ; 4-dmitro-derivative, the 
reaction is so vigorous that the pyridine solution must he cooled. ^ 

Buggli ^ used alcoholic picric acid to bring about the conversion of 0 : o'-dinitrotolane into 

o-nitrophenylisatogen : 


OoH 


/°%CeH,NO, 


alcoholic 


>- 

picric acid 



Two forms of isatogenic ester were obtained by Buggli and BoUiger.^ By the action of 
pyridine upon o-nitrophenylpropiolic ester Pfeiffer’s “ quinonoid” isatogenic ester (I) results. 
This is converted by alcoholic HCl into “ ^'soisatogenic ester,” to which is assigned the v. Baeyer 
formula (II), The reverse change is brought about by acetic acid or by heating at 150-160°. 

/CO. 

CaH/ ^C-COOEt 

'6 

(I.) 

Buggli and Bolliger obtained di-isatogen by the action of sunlight upon 0 : o'-dimtrodiphenyl- 
diacetylene. 


/CO. 

C«H,< >C-COOEt. 

^"<i 




^ Loc. cit. 
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19. From o-nitrobenzaldehydes and acetone ; C, 


/CH(OH)\ 

.< \CH2COMe 


This very general method for the preparation of indigos was discovered by v. Baeyer and 


prewson : ^ 
,CHO 


.CHO S /CHOH. /COv /COs. 

\0H,COMe ^ OA<^>C=c/^^>CA. 

'(I.) 


The formation of indigo is rapid and nearly quantitative; indeed the reaction is frequently 
employed to demonstrate the presence of an ortlw-mtxo group in nitrated aromatic aldehydes. 

Pyruvic acid, CHgCO-COOH, or acetaldehyde, CHgCO-H, may be substituted for acetone.^ 
The intermediate “ nitrophenyl-lactic methyl ketone ” (I) is also obtainable by oxidation of 
o-nitrophenylnitromethane by KMn 04 in the presence of acetone : ® 


OgH 


^CHg-NOa 


OcH 


^CHO 


/CHOH. 

CeSZ \CH2COMe. 


Dichloroacetone gives no indigo but only the o-nitrobenzal derivative of the ketone.^ 

By carrying out the condensation in the presence of alkali and an oxidising agent {e.g. KMnO^), 
the intermediate lactic ketone (I) is oxidised to the corresponding isatin. Isatin, 6-methylisatin, 
4 : 7- and 6 ; 6-dichloroisatins have been prepared in this way : ® 


CeH/ ^CHg-COMe 

(I.) 






The difficulty of preparing o-nitrobenzaldehydes in reasonably good yield has limited the 
application of v, Baeyer and Drewson’s synthesis, and it cannot compete commercially with the 
glycine methods. The Society des Usines du Khone did, however, for some time manufacture 
indigo and dimethyhndigos from acetone and the aldehydes 


/\-CHO 

/\om 

Me/\-CHO 





Me 


which were prepared from the corresponding nitrotoluene and nitroxylenes by oxidation with 
MnOg.^ 

^ Ber., 1882, 15, 775, 781, 2856; 1883, 16, 2205; D.R-PP. 19768, 20256, 73377, 146294; Koetschet, 
Mat. color., 1900, 4, 156. 

* D.E.-P. 19768. ® D.E.-P. 238381. * Heller, Lauth and Buchwaldt, Ber., 1922, 66, 483. 

® D.E.-P.' 281062. ® Koetscket, loc. cit. 
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Tlie following o-nitrobemialdeliydes have been converted into indigos by the 

V, Baeyer and Brewson method : 


NUn)benmkl«MyiB 
mMtUumt,* 
8*Metliyl- 
^-Mothyl- 
S-Blethoxy- 
S-Mathoxy- 
4 ; 5.M©thylenwilo*y' 
S>42hloro* 
i-Chloro* 

S^CWoro* 

a.Ch!oro* 


Eefmnces^ 

6 , 11 
6 . 8 , 11 
16 

7, 16, 19 

14 

15 

6, 13, 16 
b 3, 4, 10, 16 
4 


N itrobenzaldehyde 
substUumt. 
4-Bromo- 
6-Bromo- 
4 ; 6-Dichloro- 
3 ; 6-Dibromo- 
3:4; 6-Tribromo- 
3 ; 6-Dibromo-4-ohloro- 
3 ; 6-Dibromo-4-iodo- 
4-Cyano- 
6-Ao6taminO" 


References. 

6, 13, 15 

1, 3, 4, 10, 15 

2, 9 
18 
18 
18 
18 
17 
12 


References. 


* D.R.-F. 303». * D.R.-P. 32238. » d.R.-P. 33064. * D.R.-P. 112400. ^ D.R..p. 128727. 

• I>. Pat. Alim, a 11980. » IbU.-P. 215786, » D.R.-P. 21683. » Gnehm, JJer., 1884, 17, 752. 

*• V. BmiW and Wirth, Am., 1805, 284 , 164. Koetsohet, Mat. color., 1900, 4 , 168. Friediander 
and Pritaoh, MtmtliA., 1903, 24 , 1. Ha^ihs and Kempt, Ber., 1903, 36 , 3301 ; 1904, 87, 1862. Hertz, 
ibid., 1905, M, 285Ji ** Bohwalbe and JtKdihoim, ibid., 1908, 41, 3796. Friediander, Bruckner and 

Dautaoh, Aa».* 1012, 38S, 44, 48. Reich and Hdv. Ohim, Acta, 1920, 3, 160. Janse, Bee. 

tmv. 1921, 46, 2BA-317. ** HaUwkann, Her., 1921, 54 , 3079. 

* -CHO «« 1, NO, = 2. 


20. From o-nltrobenzylmalonic esters, etc. ; GgC' ^GH 

When o-nttmbcn»ylmalonic eater is boiled with 30% aqueous NaOH intramolecular oxidation 
occurs and iy-hydroxyindole- 2 -carboxylic acid is formed in 80% yield : ^ 


‘VH(rOOBt), 

''NO, 


CIIv^ 

>C-COOH. 

\N( 0 n)/ 


This pro<!«ct may l>fi reduced to indolecarboxylic acid with zinc and acetic acid, or oxidised to 
with chromic acid. It is isomerised to indoxylic acid by the action of II 2 SO 4 . 


C«H4<( 


\:‘COOH 


/OH. 

>'C00H 

\nh/ 


^-COOH 




Gabriel, Ocjrhard and Wolter ^ have extended Keissert’s method to o-nitrobenzylacetoacetio 

* &r., 1896, 29, 646; I).R.-P. 92794. * Ibid., 1923, 66, 1024. 
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ester. B 7 tte action of 3% KOH at 0° this is converted into iV-liydroxyindole-a-oarboxylio 
acid and the corresponding ester : 


/CHav /COMe 
CeH^ \CH< 

\NO, NOOOEt 




/■ 


■CH 




Vi-COOBt. 


According to Usherwood and Whiteley ^ an aa-nitro derivative is formed intermediately in these 
reactions : 


/CHo\ /COMe 
0^ \OH 


or 


/OB.,. 

OfJS./ >CH-COOEt. 
X-vr.— / 




21. From o-nitrobenzyl ketones : ^CO'R 

\no. 


Reduction of o-nitrophenylacetone with zinc dust and ammonia gives 2-methylindole in 
16% yield ® : 

/OB,. /CB,. 

>■ CeH/ \COMe CgH/ ^COMe - 

\no, 


PliOH.-COMe 




The 2 : 6 -dinitro derivative was reduced with AmSH by Borsche and RantschefE.® One nitro 
group remains unchanged, the other is reduced to ‘NHOH and the product is l-hydroxy-4-nitro- 
2 -methylindole (76% yield) : 


BO, 
/N-CHa-COMe 


BO, 

AmHS ^ 
^ I 


N-OH 


Phenylindole was prepared by Pictet ^ from o-nitrodesoxybenzoin ® : 


PhCHa-COPh 




^CHa-COPh 


CeH<™)cPh. 


Borsche ® similarly reduced 2 : 4-dinitrodesoxybenzoin with SnClg and obtained 7-ainmo-2- 
phenylindole. 

J. G. S., 1923, 183, 1077. ® v. Baeyer and Jackson, Ber., 1880, 13, 187; 1881, 14, 879, 

® 1911, 379, 178. * .Ber., 1886, 19, 1063. 

6 See also List, ibid., 1893, 26, 2461. « Ibid., 1909, 42, 611. 


FROM o-NITROBENZYL KETONES 


Indole itself results when o-nitrophenylaoetaldeliyde is reduced with, iron and acetic acid. 
Weermann ^ and Pschorr and Hoppe ^ have obtained 3-cyanoindole from the oxymethylene 
derivative of o-aminobenzyl cyanide : 


C.H4<( 


CH2*CN amyl formate f /C, 


\NH2 


9N 


2 : 4-Dinitrophenylacetoacetic ester, reduced with SnClg, gives a 10% yield of 7-amino-2-methyl- 
indole-3-carboxylio ester i.e. the *COCH 3 group reacts in preference to the carbethoxy group : 


/\ci 

NO^-l^^NOj 


/\ OH-COOEt /\ Q. 

cjoMe 


COOEt 


Eeissert has also reduced o-nitrophenylpyruvic acid, prepared from o-nitrotoluene and oxalic 
ester. With zinc dust and acetic acid the product is indole-2-carboxylic acid, while sodium 
amalgam gives the iV-hydroxy compound : 


0 .H 900 Et 
\nO, COOEt 


NaOlt /CHa-CO-COOH 


Q H,/ ^C-COOH 




CeH/ ' 

\NO, 




CeH/ ^C-OOOH 
\N(OH)/ 


The nitro-p-tolylpyruvic acid obtained from nitro-p-xylene gives analogous products : 


/\-Me 

Me-l^^-NOa ^ Me*lJ 


{ ^-CHaCOCOOH 
Me-l J-NOa 


CH 




COOH 


I 

Me\/\/C-COOH 

N-OH 


The method has also been used by Kermack, Perkin and Eobinson ^ for the preparation of the 
following indolecarboxylic acids : 




H 

•COOH 


fiMe 

k/\/C-oc 


— fiMe CH 

^/C-COOH HeO-l^^^^^C-COOH 
NH NH 


/N CMe . 

^®<^\/\/C-COOH 

NH 


^ Bee. trav. chim.y 1910, 29, 18. 

3 Reissert and Heller, ibid,, 1904, 37, 4369. 


3 Hen, 1910, 43, 2549. 

« J. C. S., 1921, 119, 1625, 1632, 1634, 1639. 
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In the naphthalene series Mayer and Aiken ^ have obtained 7 -methyl-a-naphthindole- 2 - 
carhoxyhc acid from l-nitro-2 : 6-dimethylnaphthalene : 




NO, 


Me 


> -—fi 

/VN-Me . /\A-CH,-C 0 -C 00 Et Y V-CH 

1 I ^ +AraOH Me 


\/\ 


NH— C.COOH 


(I.) 


The nitromethylnaphthylpyruvio ester (I) is converted into methyl-a-naphthisatin by successive 
treatment with NaOH and H2SO4 : 


^ xT^NOa TVTp.P 

Mo-CioH 5 <(;jjj;.CO-COOEt 

(I.) 


dil. H.SO* 


0 

W / >0 


/NH, 
'“A CO 


Jtls. 

Me'C,nH./ yoo. 


A double application of v. Baeyer and Jackson’s method is described by Heller,® who reduced 
2 : 2'-dinitrobenzil with zinc dust and obtained “ dindole ” : 


>—90 

\ CO- 
NO, 


NO, 

\, 


NH 


Dindole^ 


CH 

22, From o-aminobenzyl cyanide ; '^CN 

^NHa 

2>Aminoindole was prepared by Pschorr and Hoppe ® by the following method 

^p^^CHa-COOH 1^01. CHa*COCl ^ p xr ^CHj-OO-NHa 

o-CeH4<j;^Q® 

SOOI, /^-W-av SnOl, /CHa\ NaOBt 

n XT / \nxr -V r< xr / 

*\nh, 


/CHav suoi. /CHa\ JNftUJS* 

-> CbHZ \CN > CeH/ ^CN 

^NOa x-vrxT 


,CH, 


CeH4<^ '^CINH 


'NH 




/CH. 

2‘Aminoindole, 


1 Ber., 1922, 66, 2283. 


» Ibid., 1917, 60, 1202. 


» Ibid., 1910, 43, 684. 


FROM o-NITRQPHENYLACETIC ACID 

,CHo 
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23. From o-nitrophenylacetic acid, etc. : C6<^ ^^COOH 

\NO, 


Oxindole was obtained from o-nitropbenylacetic acid by v. Baeyer and Knopp in 1878 ^ and 
led to tbe first synthesis of isatin : ^ 




Sn+HOl 


isroH 

1 1 

.c-~. 



-H,0 

OOOH — ^ 

/CH,. 

OeH^ >00 



Oxindole. 


NH, 


H, 

^ 

/OH. 

CeHZ >00 
\NH/ 

reCI, 

^ CeH,< 


HWO, 


.00. 


Reissert and Scherk ^ prepared 6-methyloxindole by a similar reaction, starting from 4-nitro- 
m-xylene : 

Me/NMe , COOEt Me/N-CHa-CO-COOH 

I iNOa+ioOEt ^ i^hol 




(30% yield.) 


Me/\-CH,*COOH Me/N CH„ 


(100% yield.) NH 

“ Atroxindole ” (3-methyloxindole) results from the reduction of “ o-nitrohydratropic acid ” : ^ 


/CHMe. Sn-f-HOl y'vyxij.u.cv 

CeH,<^ ^COOH C«H,<: >00. 




.CHMev 


Hausmaim ® sulphonated phenylacetic acid before nitration and so obtained a better yield of 
ortho-mtTo compound : 


/\0Ha-0OOH _ ^ /N-OH,-OOOH 


k 


/ 


SOgHl 


/N-CHo-OOOH 




CH, 


\/ 


k | ^Xi2 V YXJ 


NH 


The same method has been used by Martinet and Dornier.® 


1 Fen, 1878, 11, 582. “ v. Baeyer, ibid., p. 1228. » Ibid., 1898, 31, 387. 

* Trinius, Ann., 1886, 227, 274. » D.R.-P. 289028. « Oompt. rend., 1921, 172, 1415. 
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The reduction of o-nitrophenylacetio acid has been more closely investigated by Eeissert/ 
who was able, by using zinc dust and dilute 11 ^ 0 , at 28-34“, to isolate the i^T-hydroxy compound, 
from which he prepared by v. Baeyer’s method iV^-hydroxyisatin : 



o-Aminophenylacetic acid was first isolated <juite recently by Neber,® sodium salt of 
the nitro-acid was reduced with ferrous sulphate and ammonia and the sodium o-aminophenyl- 
acetate was treated with the calculated equivalent of HCl. The free acid condenses to oxindole 
when heated and to benzaloxindoles when boiled with aromatic aldehydes in alcohol solution in 
the presence of a trace of piperidine : ® 


(IJHAr 

^ „ ^CH,COOH 


(Ar = Ph, 0-, m-, p-NOa-CeH*-, o-, m-, p-CbCeH^.) 


Mayer and Aiken * have obtained a naphthoxindole from the corresponding naphthylacetic 
acid : 


NOo 


Me' 


•CO— ^ 

(See p. 130.) 


IJOa 

/\/N-CHeCOOH 


Me 


(60% yield.) 






Me* 


im-co 

' /tea 




Two double condensations of this type are the preparation of benzo6wpyrrolone by Davies 
and Hickox : ® 


Ql/\o\ 


+ 2CH2<QQOEt 


X X 

COOEt*iH-/N*CH*COOEt 

NOa-l^^'NOa 


9Ha A 9Ha 

COOH /\/\ COOH 
NOa NOa 
(X = -COOEt or *COMe.) 


FeSO, 

-->■ 

+AmOH 


9Ha— /N 9Ha 


1 Per., 1908, 41, 3921. » 76wi., 1922, 65, 835. 

» Neber, ibid., p. 838: Neber and Booker, ibid., 1923, 66, 1712; Kliegl and Schmalenbach, i6id.,p. 1517. 
♦ Ibid., 1922, 66, 2286. ^ J. C. S., 1922, 121, 2640. 


FROM o-NITROMANDELIC ACID 

and tke syntliesis of “ qnindoline ” by G-abriel and Escbenbacb : ^ 


DTT ni kon 







or 


NH N 


' ' 

N NH 


Quindoline. 
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/CH(OH). 

24. From o-nitromandelic acid, etc. (anthroxanic acid) : CgC ^COOH 

\NH 

o-Nitromandelic acid was reduced with SnOlg to dioxindole by Engler and Wolirle.^ Tbe 
ester behaves similarly : ® 

,CH(OH)v 

, Nnnnm i v n tt / 


Wt 

\NO, 


acetic 


/CH(OH)v 

CnHY \COOEt 


c«hZ >co. 


ra-/ 


Benzoyldioxindole was prepared by Heller * by the action of SnClg and HCl upon an alcoholic 
solution of benzoylated o-nitromandelic ester or its amide. The corresponding nitrile was 
reduced by Albert and Hurtzig ^ with AmgS : 

O-COPh • O-COPh 


CH(OH)-CN 


C.h/ 


,6h-cn to.s 




'z '^2 

O-COPh O-COPh 

rlxT /jjg- 

0 


PhNHNHi, 


\ — NHs 

> CeHY ^CS-NHa ^ 

^NHOH 

CH-O-COPh 
> CgHY \c-SH 
>Nf 

OH NH-NHPh 


dil.NaOH 


/CO. /CO. 

l5rH-NHPh in-NHPh 


AmHS 


Indigo, 


^ 1897, 30, 3019. 

« lUd., 1906, 39, 2338. 


a Ihid., 1887, 20, 2203, ® HeUer, ibid., 1904, 37, 949. 

5 Ihid., 1919, 52, 630. 
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The mild reduction of omitromandelic acid itself with zinc dust and ammonia yields N- 
hydioxydioxindole : ^ 



^CH(OH) 


\C00H 


zinc dnst 

^ 

+AmOH 


CeH 


^CH(OH) 

*\nhoh 


\OOOH 



The product is converted by cold NaOH into a mixture of isatin and anthroxanic acid, or it may 
be oxidised by TTIVrnO^ and acetic acid in acetone to iV-hydroxyisatin : 





/CO. /C-COOH 

Anthroxanic acid. 



CcH, 


/ 


CO- 


'\]sr(OH)/^ 


Nco 


The first reduction product of o-nitromandelic nitrile, according to Heller ^ is a dihydroxy- 
amine, from which isatin may be obtained by treatment with cone. HCl. KOH converts the 
dihydroxy body into dioxindole, while acetic and propionic anhydrides give respectively 
^-acetoxy- and iV-propionoxy-isatin : 


CeH^ 


^CH(OH)-CN 



C6H4<( 


CH(0H)-0N HOI 



/C-OH 

CbHZ >C-0H 


/CH(OH) ‘ 
CeH/ >CO 

\h-oh/ 


CeH, 



>CO 

•O-COR 



(R = Me, Et.) 


The anhydro form of the corresponding dihydroxyaminomandelic acid is anthroxanic acid, 
which, as has been mentioned, is readily obtainable from o-nitromandelic acid : 


CeH, 


< 


OH(OH)-COOH 

N(0H)2 


— 2H20 


/C-COOH 
C«HZ I \0 




Anthroxanic acid is converted quantitatively into isatin by reduction with ferrous sulphate and 
ammonia : ^ 

/C-COOH r /CO. 

C„hZ 1 \o — > CeH,< \COOH 




/CO\ 

CeH,< >CO. 

\nh/ 


1 Heller, Ber„ 1909, 42, 473; D.R.-PP. 184693, 184694, 189841, 191866, 196812. 

2 Bfir leOfi so 9SSQ. 1008 41 S7S 

3 SchiUmger and Wleiigel, ibid., ISsi 16, 2222; Heller, ibid., 1906, 39, 2344. 


FROM o-NITROBENZOYLFORMIC ACID 
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Antliroxaimldehyde, wHch ScMHinger and Wleiigel prepared in 10% 3deld by beating o-nitro- 
pbenylglycidio acid in acetic acid solution, passes readily into its isomeride, isatin, when treated 
with a<jueou8 alkali ; ^ 


XIMH-COOH yCH(OH)-GH{OiH)*COOH 

CellZ i 

/CH{OH)»CHO _o yC-GHO aikaii 

(+HCOOH) C^aH,<(pO ^ 

Anihroxamldehyde. 


C.H 


*\n< 


CHO 




yCO^ 

/ \GO. 


>( 


( 0 f, the conwmion of raethylanthroxan into indoxyl, p. 136.) 


25. From o-nitrobenzoyMormlc acid : 


^NH, 


Isatin is the kctara (or lactim) of o-aminobenzoylformic acid (“ isatic acid ” — not to be con- 
fuswl with isatoic acid, which is )— and is formed on acidifying the reduction 

prcxluct of o-nititibenzoylformic acid : ® 


^COCl 


yvv/v.»t jjcy 

OmHZ 


XO-CN 

XOXOOH 

FeSn, 

‘\no, 



^ 

+Ajn01I 


06 H,< 

/GOs^ 

acid 

COONH 4 — ^ 


^Nllg 



Ammonium ieaiaU. 


yCO\ 

Isatin. 


The phcnylhydrazone of this acid undergoes a similar ring-closure on reduction.^ 

V, Braun and Hahn * oxidised nitrotetralin (I) to a nitrocarboxybenzoylformic acid (II), 
from which they obtiiined 4 *carboxyiMatin (III) in 80% yield by reduction with alkali and ferrous 

iulphitc i 

CHa 



CD 

* Heller. Zmtr., WIO, ii, m. 

* Krtaw, iMd., 1880, 28, 3020. 


(j-’OCH 

/\‘f^o*C!Oon 


(ID 



(III.) 


® (llaisen and Shadwell, Ber., 1879, 12, 350. 
< Ibid., 1023, 56, 2344. 
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A curious series of reactions is recorded by FindekleeA wbo converted the phthalimide 
derivative (IV) first into an woquinoline (V) and thence into an isatin (VI) : 


CO 

Me.(Y)r-CH,OOOEt 

CO 


NaOMe 


Me' 


(IV.) 
CO 

/\co 

CO 


CO 

W 
(V.) 


CO 


(j 3 H*COOBt 


Me' 


NaOH 
>. 




Me-I^ 


CO-COOH NaOOl 


/ 


CO'NH, 


^ Me 


• I nAi 


COOH 


\/\ 

NHa 


Me- 


v 


HNO, 


'Ha ^ 

CO 


<po 


/\/00 
NH 
(VI) 


co^ 


26. From o-nitroacetophenones or o-nitrobenzoylacetic acid : 

The earliest synthesis of indigo was that of Bmmerling and Engler,^ who reduced o-nitro- 
acetophenone with zinc dust and soda-hme. Methylanthroxan seems to be formed inter- 
mediately, and this gives indoxyl and indigo when heated : ® 


/CO-CHa 


CoH 


4 <(. 


CO-CHa 

NHOE 


/C(OH). 

OoH/ 1 >CH 
N ^ 


< 


/C(CHa). 
Methylanthroxan, 
— > C„H, 


‘\ra/ “ 

Indoxyl, 


air 


Indigo, 


o-Nitro-p-tolyl methyl ketone behaves similarly.^ 

By the reduction of o-nitroacetophenone with Sn and HCl, Camps ® obtained both indigo and 
hydrazoacetophenone, 

Benzal-o-nitroacetophenone is quickly converted by the action of light into indigo and 
benzoic acid : ® 


/CO\ I 

C,H/ \CH=i=CHPh 


yCO\ 
+ PhCOOH 


/CO. /CO. 


1 Ber., 1905, 38, 3551. 

® lUd., 1870, 3, 886; 1895, 28, 309; see also Wichelhaus, ibid., 1876, 9, 1106; Gevekhot, Ann., 1883, 
221, 330. 3 Bamberger and Eiger, Ber., 1903, 36, 1624. * Duff, J. G. S., 1914, 106, 2185. 

® Ber,, 1899, 32, 3232. ® Engler and Dorant, ibid,, 1896, 28, 2499. 


FROM o-AMINOPHENACYL HALIDES 

The oxidation of o-aminoacetophenonc with snlphur at 210-230° givea indigo : ^ 
/CO-. CO. 

'titttIxt x^r! -Dl li 
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"nhIh ik 
s 


H-H^S 


6-Bromo-2-aminoacetoplienone and 2-aniino-l-naphtliyl methyl ketone behave in the same 
way. 

o-Nitrobenzoylacetic acid is not converted into isatogenic acid (see p. 124) by the action of 
cone. 1X2804,2 but by treatment with dilute KOH and glucose and subsequent air oxidation it 
gives an almost quantitative yield of indigo : 2 


C«H4<( 

X-NI 


/JO-CHa-OOOH 
NO2 


CeH/ 


CO- 


\nhoh 


\ 


CH,COOH 


C6H4^ 


,CO\ 

^ >CHCOOH 
NH/ 


Indigo. 


6 : 6'-Dimethylindigo was similarly prepared by Duff ^ from o-nitro-^-toluylacetic acid in 60% 
yield. 

V. Baeyer’s sjmthesis of indigo ^ from the so-called “ o-nitrophenyloxyacrylic acid” (I) 
probably proceeds via o-nitrobenzoylacetic acid : 


0,H. 


/ 

4 \, 


ch:ch-cooh 

NO, 


NaOOl 


> CaH4 




CH(OH)-CHC1'COOH 




C6H4<(\0/ 


CH— CH‘OOOH 


heat 


NO2 

(I.) 


ale. KOH 
>- 

.00. 


C6H4/ ^CHa-COOH 


Indigo. 


The yield is only small, for the glycidic acid (I) can also give anthroxanaldehyde under these 
conditions. 


27. From o-aminophenacyl halides, etc. : 




CH,X 


NH, 


The reduction of o-nitrophenacyl bromide gives indoxyl and thence by air oxidation indigo : ® 


CO. ^mSH 


0«H, 


,Br 


CeH.<^°\cH2Br 

\nh. 




1 D.R.-P. 273340. 

3 Perkin, ibid., 1914, 105, 2379, footnote j 

4 J. 0. 8., 1914, 105, 2186. 

6 jSen, 1880, 13, 2262; D.B.-P. 11857. 


3 Needham and Perkin, J. C. 8., 1904, 85, 148. 

E.P. 16181/1906; D.R.-P. 201108. 

® Gevekhot, Ann., 1883, 221, 331 ; D.R.-P. 23785. 
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Bodinus ^ has similarly reduced 
Me 


Cl 


■k 


/ 

irHAc 


■CO-CHaCl 

“NO, 


and 


Me 


Me' 


CO-CHaCl 
NO 2 


to the corresponding indoxyls. 

o-Acetylaminoacetophenone was brominated by v. Baeyer and Bloem 2 and gave indoxyl on 
subsequent hydrolysis : 


CeH 


^CO-OHa 

*\nHAc 


Br 




Oompounds of the type (I) are more easily prepared by the Briedel-Crafts reaction. From 
acetyl-fi-toluidine Kunckell ^ by this method obtained 6 : 5'-dimethylindigo : 


“'■Q-NHAc + ™0-CH,a 


Me/\-CO-CH„Cl 


0 


NHAo 

Me-r Y 


OH, 


air 




Dimethylindigo. 


Kunckell and Lillig ^ and Kunckell and Schneider ^ have similarly converted into the corre- 
sponding indoxyls and indigos the substances : 


Me/N-CO-CHaCl 

Cl-l^^NHAc 


afid 


Me/N-CO-CHaCl 

Me-I^^NHAc 


28, From mesoxalic ester and arylamines : 


Y\ 

®\nh 


COOEt 


Mesoxalic ester, CO(COOEt) 2 , like its ureide, alloxan, reacts with a number of phenols, 
amines, etc., much in the same way as formaldehyde. Thus Guyot and Michel ® found that 


1 Ghem. Zeitung, 1916, 40, 326. 

» Ihid., 1900, 33, 2648; ZerUr., 1912, i, 1214. 
s Ihid,, p. 429. 


2 Ser., 1884, 17, 963; D.E.-P. 21692. 
4 J. pr. Ohem., 1912, 86, 617. 

® Gom'pt, rend., 1909, 148, 229. 
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with, tertiary amines of the type PhNEg addition occurred in acetic acid at 100 °, with production 
of the carbinols 

The reaction with primary and secondary aromatic amines was investigated by Guyot and 
Martinet,^ who found that here the main product was a dioxindolecarboxylic ester : 


Me 




\ 

/ 


, go-cooEt 
NH, + COOEt 


Me 


•/N— 9(OH)-COOEt 

\A/CO 

NH 


Analogous compounds were obtained from /3-naphthylamine, methyl- and ethyl-anilines and 
ethyl-/9-naphthylamine. Tetrahydroquinoline, which may be regarded as an alkylated aniline, 
behaved quite similarly, the product being 

/\ C(OH)-COOEt 

Aho 6H2 
\/ 

CHa 

The reaction has been studied further by Martinet,^ who suggests the following mechanism ; 

-Eton 


Me 


JnH +C0(C00Et)a 


Me/N (pOOEt 
\/\/C(0H)-C00Et 
mi 


Me-/\ 90 

is^y\/C(OH)-COOBt 

NH 


isomerisation 


Me-ZN 9(OH)-COOEt 

\A/^o 


NH 


It seems much preferable, however, to suppose that isomerisation takes place before ring- 
closure : 


Me/N 

i^^*NH*C(OH)(COOEt)2 


Me- 




-g(OH)-COOEt 


-Eton 


COOEt 
NH, 


Me-^N C(OH)-COOEt 

NH 


This makes the reaction a special case of that discovered by Guyot and Michel, the ortho position 
being attacked instead, of the para. Martinet, in fact, foimd that the yield of dioxindole was 
greatest with para substituted secondary a m ines. 

1 Gompt. rend., 1913, 156, 1626. 

a lUd., 1918, 166, 861, 998 j Ann. Ohirn., 1919, [ix], 11, 15-84; Mat. color., 1919, 23, 53-56. 
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Martinet has obtained isatins from ^-toluidine, 4-w-xylidine, methyl- and ethyl-anilines, 
methyl- and ethyl-^-bromoanilines, a- and /3-naphthylamines, ethyl-/9-naphthylamine, and the 
tetrahydro derivatives of quinoline, 6-methylquinoline and 6-methylqmnaldine. 

The reaction fails with aniline, ^-bromoaniline, p-aminophenol, p-aminodimethylaniline, m- 
and p-phenylenediamines, benzidine, oarbazole and phenyldihydroacridine. 

Halberkann ^ found that, contrary to Martinet’s statement, ^-anisidine reacted normally, 
giving a 33% yield of the dioxindole derivative. m-Toluidine has been converted into a 
dioxindole by Bonnefoy and Martinet.^ 

The dioxindole compounds readily lose the carbethoxy group on hydrolysis and in the 
presence of air give isatins ; 

C(OH)*COOEt 9H(0H) Me -^\— 90 

’ 

WS. NH NH 


A double application of the reaction is described by Martinet and Vacher : ® 
OTo (^OOEt 


OH-9 






oc\/\A™ 

NH 

\, 


90 

C(0H)-C00Et 


(Quantitative yield.) 


NH, 


+ 20O(COOBt)2 


29. From dichloroacetic acid: 




< ^GOOH 


This method is of the same type as G-uyot and Martinet’s syntheses from mesoxalic ester. 
P, J. Meyer ^ obtained 5-methylisatin by condensation of p-toluidine with dichloroacetic acid. 
Duisberg ® considered that ring-closure took place by elimination of HCl from an intermediate 
toluidide of tolylamino-chloroacetic acid ; 



1 Ber., 1921, 54, 3080. * Compt. rend., 1921, 172, 220. ® Bull, 1922, [iv], 31, 436. 

4 Ber., 1883, 16, 926, 2261 j D.R.-PP. 26136, 27979. b Ber., 1885, 18, 190. 
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CareM mvwtiptiona by Heller ^ and Ostromisslensky 2 showed, however, that the changes 
involved are ranch less simple. The first product is ditoluidoacetic acid, the ester of which 
may also be prepared from glyoxylic ester and toluidine acetate. This xmdergoes a rearrange- 
ment «raiiar to the y -onmidine change, the acetic acid group moving from the nitrogen to the 
mAo position (the pam being occupied). Ring-closure then occurs, followed by oxidation to the 
imMatin and hydrolysis of the toluido group : 


+ Cl»CH*COOH 


KH 


COOH 


~9:nc,H7 

/CO 

STH 


-(pH'NHC^H, 

COOH 


Me-/\ (jJO 

\A/“ ■ 


Th«e changes are brought about by adding the ditoluidoacetic acid (or ester), mixed with sand, 
to oleum at 50^, diluting with oonc. HaSO* and finally pouring upon ice. Boiling HOI may also 
fa« used. 

P”Toluidinc gives the best yield (60 %), but other arylamines have been tried. Aniline forms no 
isatin,* the product being p : p'-diaminodiphenylacetic acid, the result of two pam isomerisations : 

A A ^’“•A .... A -> ™»A ...T A’^^* 

COOH COOH COOH 


COOH 


p-Xylidine behaves like aniline and forms only the compound : 

Me Me 

NH,/N AnH* 


•A_^h— Q’ 

Ye COOH 


Frt>m 4- and 5-m-xylidines Heller ^ obtained the corresponding isatins : 


\A> 

Me NH 


\ (j)o 

NH 


la the second case pam iHomeriaation seems to be prevented by the steric effect of the t^o 
methyl groufw. The yieUl from 4“m-xylidine was about 30%, hut Hantzsch and Meyer 
obtain«I double this amount by using potassium dichbroacetate in aqueous-alcoholic solution. 
Cktromisslensky « prepared T-raethylisatin from o-toliiidine (17% yield). ^ 

The eondensation of glyoxylic acid with toluidine to give 5-methyhsatm and its p-toluidide 

is deacrilicd by Btittingcr.’ 

* /!«»., 1W4. m. 247; 1908. 868, 202; ^r., 1908. 41, f04. 

't'S ' S*1922 65!'sm' 

^ ItKiH, SSSft n j i Til. iQ'7(i inn 

. m.: 1007. 40, 4073. ’ 
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30. From benzoin oxime : G, 


/ \c 


Ksolier and Hiitz ^ converted benzoin oxime into 2-plienylindoxyl (or 2 -pbenyl-l-bydroxy- 
indole) by means of cone. H2SO4 : 


C«h/ >P1i 

\h 


/C(OHU 

CgH/ >0Pli . 


Desoxybenzoin oxime does not undergo this change, nor does the oxime of PhCHa'CHO. The 
reaction seems therefore to involve the secondary alcohol grouping in some way. The supposition 
that the product might be 

\N(0H)/ 

is supported by the formation of o-nitrosobenzoic acid on oxidation ; but benzoylanthranilic acid 
is produced at the same time. 


31. From cyclic ketones, oxalic ester and amines : Cgv , >GO 

\X NH/ 

The condensation product of S-methylct/cZohexanone and oxalic ester reacts with aniline to 
give a tetrahydroisatin derivative : ^ 


CHj OH 2 COOEt 

MeCH CO COOEt 


CHj 

CH^<pH— 90 
MeCH CO COOEt 
\/ 


CHj C CINPh 

Me-CH C-OH CO 

■i.. ■ \/ / 

CHa NHPh 

A somewhat similar reaction was described by Lapworth ; ® 


/\ 

9H2 9— o:n 
MeCH C CO 

\/\/ 
OH, NPh 


CHj 9:CMej 


CHj^lC 
MeCH CO 

\/ 

CHa 


CHo 

/\ 

CHa C GMea 

MeCH C-OH ON 

\/ 

CHa 


1 Ben, 1895, 28 , 586; 1896, 29 , 2062, 
3 J. (?. 8., 1906, 89 , 1869. 


(pHa^f] 9Mea 

Me-CH C-OH CO 

\/ / 

CHa NHa _ 


CHa 

9H2 9 — 9 ^®* 

MeCH h CO 

\/ \/ 

CHa NH 


Kotz and Hesse, Ann., 1905, 342, 319. 
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The 1 : 4 additive product is isolated as well as the indole. The former is the only product in 
the Mse of other a ; jS-unsaturated cyclic ketones. 


32. From pyrroles or carbazoles 

Planoher and his co-workers obtained indoles by the action of zinc acetate and acetic acid 
at 120® on (X-substituted pyrroles. The pyrrole derivative is first hydrolysed to a 1 : 4-diketone 
or ketoaMehyde, which condenses with a second molecule of the pyrrole. Planoher ^ showed 
that acetonylaoetone condenses with pyrrole itself in the presence of zinc acetate and acetic acid 
to give 4 : 7-dimethylindole : 


COMe 

. OH CH 

:h, ^ \/ 

\ NH 

COMe 


CMe 

OH fi— 

CH C CH 

CMe NH 


In the cane of 2 : 5-dimethylpyrrole an a-methyl group is eliminated : ^ 


m-cii 

Med CMe 


COMe 


Me NH 


2-MethyIpyrroIe givM 2 ; 7-dimethylindole : 


COMe 


II iin 

Me NH 


2 : 4-Dimethylpyrrole behaves differently. The a-methyl group is not easily displaced and 
condensation occurs in the 3 : S-positions : * 


COMe 

/ 

IHMc 

\ 

CHO 


Me-f; fj CMe 

CH C\/CMe 

1 NH 

C ^CH 


CMe Mejlj q CH 

CMe C\ /CMe 

II ¥h 

CH CH CMe 


* R. A. L., 1902. [V], 11. il 210. ^ ^ 

» Ftocher and Tomani, tez.. 1905, 85, 461; Fen, 1902, 35, 606, • i 

« Kuicter lUld Ciu», It. A. L., 1006, tv], IS, ii, 447. ‘ Planoher and Tomam, too. 
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The condensed pyrroles obtained by Dennstedt and Zimmermann i by treating an ether 
solution of i^-ethyl- or ^-wopropylpyrrole with HCl gas are converted into indoles by dilute 


CH-C-B 

!Jh Uh 

Yh 


E-C— 

-CH- 

II 

^ CH 

1 

6h- 




NH 

(E = Et, -CHMea.) 


!H CH 

\/ 

NH 


r.C=CH— C — C-E 

dn^CH— y C!H. 

\/ 

NH 

3 : 5-DialkyUndole (60% jdeld.) 


The same product results directly from the action of very dilute HgSO^ upon the ^-isopropyl- 
pyxrolB* 

Tripyxrole, prepared from pyrrole and dry HCl in ether, gives indole when fused with alkah : ® 


CH-CH-hCH—CH— CH— CH 

yn iH-l-iH in— dn yn 
\/ i -YY, . \/ 
NH NH' NH 


CH=:CH— C — CH 

iH=cH— y yn. 

\/ 

NH 

Indole, 


Alkaline fusion of tetrahydrocarbazole also yields an indole derivative : * 


... /CHa-CHav 



C.h/ >C — CH,/ • 

\NH/ 


Tetrahydrocarbazole. 


0,Hy*^%C-C00H. 


The catalytic reduction of carbazole by hydrogen in the presence of heated nickel proceeds 
differently, diethylindole being formed : ® 


/CH=:CHv 

Carbazole, 


/CHo-CHax / 
ri TT / nTT./ 


-CHj 

Tetrahydroca/rbazole. 


,CH,-CHs 

C.h/T ^C-CH,-0H3. 


^ Ber., 1887, 20, 856; 1888, 21, 1478. 
^ Zanetti, Eer., 1893, 26, 2006. 


2 Dennstedt, ibid., 1888, 21, 3429. » D.E.-P. 126489. 

® Padoa and Chiaves, E. A. L., 1908, [v], 16, ii, 762. 
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"V 


CH, 


NAo CH 


,ptTx HNO. 
T^2 > 


/\- 


CHa 

-<?(OH)bH, 


/V 


orAc.0 \/\/^CH„— CH- 


¥ac\ / 

CHa 

(I.) 


HAc 
(II.) 


33. From quinolines 

One of the earUest syntheses of indole was T. Morgan’s alkaline fusion of carbostyril ; 2 

,ch:ch 

^0 


/Ch:c] 
C,H,< I 
\NH*C( 


/CH=CH 
CeH,/ I 

0 


!00H 


C.H, 






CH-COOH 


-H. yCH^ 


- 00 , 


Hofmann and Koenigs ® obtained indole and quinoHne in the proportion of 1 • 2 by passinff 
tetrahydrocimnoHne thiough a hot tube. A difierent reaction occurs when tetrahydroq^^oHue 
la passed with hydrogen over reduced nickel at 260-280° ^ ; 


C„H 


.CHa— CHa 


/CHg— CHo 
C«H / 

\NH~CH, 


9 H 3 

— H, /C — 

--> CeH,< ScR. 
\NH/ 


As propylaniline gives no methylindole under these conditions, the ring is probably broken 
at the 2 : 3 linkage as shown. Quinoline under similar conditions gives 2-methylindole, 
methyl-o-toluidine and o-toluidine. 

The picrate of l-methyl-2-propyl-l : 2-dihydroquinoline (I) gives 2V-propylindole metho- 
piorate (II) when heated in absolute alcohol : ® 


CoH/" 


CH=CH 

'^'^NMe-djHd 

/\ 

H 0-CoH2(NOa)3 
(I-) 


•C,H 


a-*-*-? 


/Ch:ch 

CeH / / 

^NMe 

(II.) 


V. Braun and SteindorfE ® have converted tetrahydroquinoline into 2-methyldihydroindole 

1 J. C. 8., 1923, 123, 681, 2 chem. News, 1877, 36, 269. 3 Ber., 1883, 16, 738. 

* Padoa arid Carugli, JR. A. L., 1906, [v], 15, i, 113; Padoa and Scagliarini, ibid., 1908, 17, i, 728. 

3 Meisenheimer and SoMtze, JBer., 1923, 56, 1359. ® lUd., 1904, 37, 4723. 

10 
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by a series of reactions similar to those by wMch 2rmetliylpyrrolidine may be obtained from 
piperidine (see Pyrroles from Pyridines, p. 87) : 


O 0 H 4 


‘\n ^OHa 

ioph 

yCHa—CHa 
CaH / 1 

\NH CHaOl 

toPh 


/GHa 


/OHa-CHrCHa 
-HOI 0 H ^ ^ 




NH-COPli 


'CHMeCl 


warm 

alkali 


/CHo\ 

CeH/ >CHMe. 


Quinoline forms an additive product with, chloroacetic ester, which can be converted into 
indigo by oxidation with KMn 04 , the alkaline fdtrate being evaporated and heated at 200°. 
In all probability formylphenylglycine-o-carboxylic acid is an intermediate product : ^ 


/Ch:ch 

w ty jr I G10H!|OOOEt 


CM 


/ \ 

CHa 0 

\ / 

CO 


ch:ch 


H 


CeH/ 


^ ch:ch 

IlHlOH) 

CHa-COOH 




ch:ch * 

''“‘\n4o " 

(!!H,-C00H 


c,h/ 


COOH 


.CHaCOOH 


/C0\ 

CeH^Z >CH*COOH 
\NH/ 


Indigo. 


According to a German Patent ^ isatin is obtained by heating with FeClg the dihydroxy-3- 
aminoquinoline hydrochloride prepared from anthranilic acid and glycine : ® 


^ CHa-NHa 
® *^NHa ^COOH 


n TT ^GO CH’NHa reoi, n pr << GO 


or from 2 : 4-dihydroxyquinoline 


P TT ^00 — CHa HNO, 


p TT ^00 C.NOU Sn+HOl 


,00-~CH-NH 


r 


C.H.<“>CO. 


80 - 05 ’ 


^ Decker and Kopp, Per., 1906, 39, 72. 


* D.R.-P. 292394. 


'NH- 

3 D.R.-PP. 102894, 117167. 
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34. From 4-hydroxycinnoline : Ca<^P>C 

Diazotisation of o-aminopheylpropiolio acid gives, by mteinal condensation i-bvdioxv- 
oinnohne-3-caib®yhc acid, which at 260» loses CO, and forms 4-hydrorycinnoline ’ When to 


^-C=C-COOH 


C.H/' 


/C^-COOH 

CeH,/ 

\N=:N-0H 

OH 

y6=CK 

OeH 4< 1 




OH 

i^C-COOH 


260 “ 


Zn 


/CH=CH 
CoHZ 1 
\N=N 
CinnoUne. 


+ 0.11./ / 


ch:ch 


Indole, 


35. Pyrogenous syntheses 

Just as dietliylamine passed through, a hot tube gives pyrrole, so ethylaniline forms traces of 
indole : ^ 


/"\ CH3 

kA>®“ 

NH 


-2H« 


/^/"N 


U 


CH. 


Diethylaniline, methylethylaniline and ethylacetanilide give rather more indole. 
Dimethyho-toluidine yields a little indole, but the best results (3-5%) are obtained with 
diethyl-o-toluidine. 


CeH, 


/CH3 


-2H, 


,CH 


CH 3 CH 3 


> C.H./ Vh + CH.+C.B,. 


*\nh/ 


Diethyl-p-toluidine gives no methylindole. 

The Sabatier-Senderens method is more fruitful. Carrasco and Padoa ® obtained 1-methyl- 
indole in 24% yield from dimethyl-o-toluidine passed with hydrogen over reduced nickel at 
300-330° : 


C«H 


/ 


CH3 




C.H./^°%CH. 


Methyl-o-toluidine similarly gave an 8% yield of indole itself.^ 


1 Richter, Ber., 1883, 18, 679. 

» JR, A, L., 1906, [v], 15, ii, 729. 


* V. Baeyer and Caro, ibid., 1877, 10, 692, 1263. 

* Ibid., p. 699. 
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Kleti 1 obtained indole by distilHng cumidine over hot PbO. 

Sard’s “ methylphenanthridine,” 2 obtained by passing benzal-o-tohidme through a hot 
tube, was shown by Pictet * to be 2-phenylindole . 

[For pyiogenous syntheses from tetrahydroquinolines, see “Indoles from Quinolines,” 
p. 145.] 

1 5cr., 1884, 16, 2928. 

^ Gowvt, Tcnd.f 1882, 95, 730. 

3 Ber., 1886, 19, 1063; Pictet and Erlich, Ann., 1891, 266, 153. 


CHAPTER V 


xsoINDOLES, 

(1) ^ 

Introductory : 

All tli6 syntliotic niGtliod.s for isoindoles ax6 6ss6ixtiaUy of one type, tlie nitrogen atom being 
applied in the form of a mm onia or amines to an aromatic compound containing two suitably 
reactive ortho carbon groups : 

+ NHgR y C0H4<C^>NR. 

0-Xylylene dibromide gives 2V-substituted dihydroisoindoles when treated with primary amines 
(sect. 2). Dikydroisoindole itself can only be obtained indirectly from o-xylylene dibromide 
(sect, 2), but may be prepared by heating xylylenediamine hydrochloride (sect. 1). A RiTnilar 
elimination of ammonia occurs when o-cyanobenzylamines are hydrolysed with alkali (sect. 3). 

The replacement of the ethereal oxygen by ‘NR* in phthalide derivatives (sect, 4) and phthahc 
anhydrides (sect, 6), 

leads to jththalimidines and jphtTialimides. 

Phthalimides are, of course, the most important class of woindole derivatives, and the various 
methods by which they may be prepared are grouped in section 5. 

The reduction of phthalazines (I) to moindoles (sect, 6) takes place so readily as to suggest 
that the former are really iV-aminowoindoles (II) : 

C,<^N-NE. 

(I.) ( 11 .) 


Q NH 

1 . From o-xylylenediamine : C6H4 <q.^ ^ 


When the hydrochloride of o-xylylenediamine is rapidly heated ring-closure occurs, giving 
dihydroisoindole : ^ 

/CHa. -CH, 

CeH/ \NH2,HC1 C0H4< 

\CH2*XH2,HC1 —2 


an/ 
\ch/ 


^ Grabriel and Pinkus, Ber., 1893, 26, 2213, 
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2. From o-xylylene dibromide : + NHaR 


By the action of anmioma upon o-xylylene dibromide there is formed a spVocyclic quaternary 
ammonium bromide : ^ 

Br 


The simple dihydroisoindolej unobtainable by this method, was prepared by v. Braun ® by the 
following indirect methods : 


(a) CA<S + KNH, C.H,<™«>NE 


ONBr 


CA<3>N^N ^ CeH.<3>N-CN 0,H.<CH2 >nH + C0s+NH,. 


(R = benzyl or allyl ; if R = methyl or ethyl the fission with cyanogen bromide 
regenerates methyl- or ethyl-isoindole.) 


{b) 0,H.<S5’|' + Na]mON 
**■2”*^ 


nu NaOH PTT 

CeH,<gg2>N-CN ^ CeH,<^|2>NH. 


W ^ 2CA<®.>NH. 


A 




The spiVo-derivative gives dihydro^^oindole and the ten-membered ring-compound in about 
equal amounts (22-25%) when heated at 260° with excess of aqueous ammonia. 

The spVo-piperidinium bromide (I) may be used in a similar manner, the yield of dihydro- 
woindole being 30% . 

(I.) 

Br 

. The action of primary and secondary amines upon o-xylylene dibromide has been studied by 
Scholtz and others. With primary amines the product is a dihydro^soindole except when the 
amine contaias an oriAosubstituent. Thus anihne gives W-phenyh'soindole (II), but with 
o-toluidine only the diamine (III) is obtained. 


C6H,<g^2>i^Ph 

(11.) 


CH2-NH-C,H7 
(III.) 




^ Scholtz, Ber"., 1891, 24, 2402; v, Braun and Nelken, ibid., 1922, 65, 2061. 
* Ibid., 1910, 43, 1353; 1913, 46, 1790; 1922, 56, 2062. 
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SiKSondary amines react to form quaternary ammoninra salts : 

“ ir 

The action of ammonia is simply a special case of this type, the dihydroisoindole first formed being 
attacked by unreacted dibromide : 


4- NH<qj^®>C6H4 ^ 

Br 


Methylaniline and diphenylamine fail to bring about ring-closure, the products being diamines 
(I?). 


n TT ^CHa-NRa 


C«H4< 


CHa-NRgBr 
CHa-NRgBr ' 


(IV.) 


(V.) 


Tertiary aliphatic amines form 6w-quaternary ammonium bromides (V), while tertiary 
aromatic amines do not react with o-xylylene dibromide. 

The K».action has been successful with the following amines : 


{») Priimrtj aminen. References. 

(Vanamiden 7 

Methylaniina. 7 

Etiiylamino. 7 

/I'rt.'Butylamine. 6 

Ally!. 7 

iksn?.ylamine. 2, 7 

<i*M«thyltonKylamine. 5 

Anilina. 1, 2, 3, 4 

»n- and p-ChloroanilincB. 4 

m- and n-ToIuidinen. 2 

p*Anwkhnt%. 2 

;}.pht'nt''tliHm’. 3 

wt-Aminolxnizoic acid. 4 

jB-Aminoaoctophenono. 0 

fi-Naphthylamine. 5 


(6) Secondary amines. References. 

Diothylamine. 2, 3 

Dipropylamine. 6 

Diisobutylamine. 2 

Diisoamylamine. 6 

Dibenzylamine. 6 

Piperidine. 2, 3, 9 

Tetrahydroqninoline. 6 

2-Methyldibydroindole. 8 


References. 

> Umt. lln.. \m. 17, 1K2.1. « .S<,h.,It7„ ibid., 1898, 31, 421. = PartM and Setam^hej »«., 

fsil. ibid., t). (528. ® Idem, ibid., p. 1168. ® iScholtz and Wolfram, tb^., 1910, 43, 2310. 

?’v. tonn. S! P i'sM i "lOlS, 16, 1790. • SeW, ibid.. 1914, 47, 2106. • t. Braun <uid Nelien, 

ibU., 1922, 5«, 2(MH), 
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3. From o-cyanobenzylaminej^ : C,<; ^NHR 

f ^CONHo 


The hydrolysis of o-cyanobenzylamines by aqueous KOH or K2CO3 yields phthaliroidines 


/CH2CI 

CeH/ +RNH 2 
\CN 


C6H4< ^NHR 
\CN 


alkali 


.CHa. 

CeH 4 < \NHR 
\CONH, 


/CHa. 

C«H4< >NR. 


(R = methyl, wobutyl, phenyl.) 

It is possible that the woindole ring is closed before hydrolysis : 


\CN 


NH 


/CHa. 


4. From derivatives of phthalide : Ce<Q^>0 + NHaR 

Although coumaranone (I) cannot be converted directly into oxindole, phthalide (II), in 
which both the oxygen linkages are aliphatic, readily yields phthalimidine (III) by the action 
of ammonia : 

O.Hi<fg!>CO C,H,<gg!>0 C,H,<®H£>KH. 

(I-) (II.) (HI.) 


Alkyhdene- and arylidene-phthalides (which are readily obtained by Perkin’s reaction from 
phthalic anhydride and alkyl- or aryl-acetic acids) give on hydrolysis o-carboxyketones ; 


CHR 

0eH4< Jq> 0 -f ^ 


6h 


RHR 


VHaR 

^6 ^^<cooh’ 


1 0. Fischer and Welter, J. fr.Ghem., 1909, 80, 102. 
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15a 


With ai^oma or primary amines an amide-ketone is formed, which is quickly converted into 
a phthahnudme derivative : 


fiHR 


9H2R 


0 ,H4<CO 
* ^^CO-NHR' 


pHR 

p TT ^C‘OH 

^e^4<co.NHR' 


i 


CHR 
“0“ 
'CO' 


CeH,<-J>>NR' 


The cases investigated are the following : 

R\ 


B. 

Ph 

o-C,H, 

W-O7H7 

•COOH 

Me 


H, Et 

H 

H 

H 

Me 

•CHa-COOH 


Befermces. 

Gabriel, Ber., 1885, 18, 2434. 
Betlpaann, ibid., 1899, 32, 1104. 
Heilinann, ibid., 1890, 23, 3161. 
Ruhemann, ibid., 1891, 24, 3967. 
Gabriel, ibid., 1886, 18, 2434. 
Gottlieb, ibid., 1899, 32, 959. 


Phenolphthalein, which is a disubstituted phthalide, reacts with hydroxylamine at 80° to 
give an iV-hydroxyphthalimidine : ^ 




p TT ^CArgOH 1 

(Ar = p-OH-CeH^.) 


C.H4<cob>N-OH. 


The product undergoes a partial Beckmann change when heated with dilute H2SO4 and forms 
p-hydroxybenzoyl-o-benzoic acid. This reacts with aniline in the presence of ZnClg at 180° : 

C.H44t'!>N-0H 5% C,H4<^°l)>NAt -> C 

(+ NH,Ar) 


+ ZaOl, 


It might be expected that o-phthalaldehydic acid (IV) would react as hydroxy-phthalide (V) 


/CHO 

CoHZ 

\COOH 

(IV.) 


/CH(OH). 

(V.) 


/CH(OH). 

CeHZ >NH 

\_CO — / 
(VI.) 


^ Omdorff and Murray, J. A. C. S., 1917, 39, 679. 
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in a manner analogous to o-keto-aeids. According to Bistrzycki and Iiebermann,i however the 
product with ammonia is not hydroxyphthalimidine (VI), but a mixture of VII and VIII. * 



0 «H 4 

"■‘Os 


(VII.) 



'\ch/ 

/CH\ 

<»>” 


MeO 


\/ 


^•CHO 


COOH. 


(VIII.) (IX.) 

Wohler’s “ opiammon,” 2 obtained by heating the ammonium salt of opianic acid (IX), is 
given a similar composition. 


5. Preparation of phthalimides ; C6<coOH + NH 2 R, etc. 

The methods available for the preparation of phthalimides may be grouped as follows : 

(a) From phthalic acid or anhydride and ammonia or primary amines.-— Phthalimide was first 
prepared by Laurent in 1836 by the distillation of ammonium phthalate : 


n tt ^COONH, 




The best yield * is obtained by passing ammonia gas over molten phthalic anhydride at 
140-160° 3 : 

C.H,<™>0 + NHa CeH.<gg>NH. 

Phthalyl chloride is less suitable for the preparation of phthalimide itself, but is sometimes used 
for phthalanils.^ 

^ Ammonium mellitate (I) heated at 100-160° is converted into a mixture of the two enchronic 
acids (II and III) and the tri-imide, paramide (IV) : ® 


COONH. 

I 

coonh^/N-ooonh, 
COONH,-I ^-coom^ 

COONH 4 

(I.) 


NH — CO 

do— /\-COOH , XTTT^CO- 
co— M -oooh + ™<co- 

Jth— io 


COOH 

—CO 
CO 

(ioOH 

(III.) 


>NH 


(io— f >~CO. 

+ C0-[^^-00>™- 

JlH — bo 

■ (IV.) 

« ISara Johnson, J. A. d.^S.,^m2, 44 , 820. 

25, 612. ^ Pukm, Amer. Chem. J., 1901, 26, 464; see also Dunlap and Cummer, J, A. 0. S., 1903, 


^ Ber,, 1893, 26, 636. 


♦ T 269; Schwarz, ibid., 1848, 66 , 49; of. Mathews, J. A 0 S 1898 20 648 

♦ A large-scale process is described in Austria^ Patent 86380/1920? ’ ’ ’ 
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A-Sixbstituted phtbalimides may be prepared by using primary amines in place of ammonia. 
Tne first product of the reaction is usually a pbtbalamic acid whicb passes into the phthalimide 
when heated alone or in a suitable solvent such as acetic acid : ^ 


/COv -COv m 

+ ^ c,h/ \ m .. 

^ 00 / \cOOH \C 0 ^ 

Hydroxylamine forms two isomeric “ oximes ” when heated with phthahc anhydride. Pratt 2 
suggests that these are syn- and anii-forms of ^■sonitrosophthalide (V), but the iV-hydroxyphthal- 
imide structure (VI) is not excluded. ^ 

NOH 

I I 

c.H.<rc‘ 5 >o 
(V.) 

With hydrazines, either phthalazines (VII) or V-aminophthalimides (VIII) are produced.^ 

n TT ^ Tj xt ■vtttt> 

CeH 4 <:;^^>N*NHE. 

(VII.) (VIII.) 

Semicarbazide yields only the phthalimide derivative (VIII, R = ‘CONIIg). 

( 6 ) Use of urea, etc., in place of ammonia . — A convenient method of applying ammonia at high 
temperatures is to use urea or a similar ammonia derivative. From urea and phthahc anhydride 
Biedermann ® obtained phthahmide. Piutti ® showed that phthalurio acid is formed at 124°, 
which passes into phthalimide at 160-200° : 


CsH.<®°>N-OH. 

(VI.) 



CO CO 

/ ^NH-CONH, — > C 6 H 4 / NnH + CO 2 + NHg. 
^COOH ^CO^ 


Similar results are obtained with thiourea, ammonium thiocyanate or ammonium carbonate. 
Phenylurea gives phthalanil.'^ 

By the action of phenylcarbimide upon phthahc acid or anhydride Haller® obtained 
phthalanil. He suggested diphenylurea, PhNHCONHPh, as the intermediate product, but the 
following scheme seems equally probable : 


n TT ^COOH + NPh:CO 
^ii4<-000H 


■ RO-NPh-COOH 

n-cr^CONHPh . 

^ll4<cOOH 


CeH,<™>NPll. 


1 Rogow, Ber., 1897, 30, 1442; Pratt and Perkins, J. A. C. 8., 1918, 40, 207, 216, 225, 1417. 
a Amer. Ohm. J., 1912, 47, 89; PMUpp. J. Science, 1914, 8, 165; 9, 105. 

3 See Pratt and Miller, J. A. G. 8., 1918, 40, 409, 412; Pratt and Young, %hid., p, 1424. 

< Dunlap, ibid., 1905, 27, 1091 ; Pratt and Young, he. cit. 

» Ber., 1877, 10, 1166. 

* 1882j 214:9 20« » /~1 ^ j TOOO ha 

7 Tingle and Bronton, J. A. G. 8., 1910, 32, 113, * Compt. rend., 1892, 114, 1326. 
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Formainides may also be used with advantage, the formyl group being eliminated as CO and 
at the temperature of the reaction.^ 

(o) From jtMhalamic acids . — The conversion of phthalamic acids into the corresponding 
phthalimides by heating alone or in acetic acid has already been mentioned. The action of 
amines in bringing about a similar ring-closure has been studied by Tingle ^ and by Komatsu : ® 


P TT ^CO'NHR I p'ufT 


(or E')- 


Komatsu found that phthalanilic acid formed salts with methylamine, aniline, benzylamine and 
/9-naphthylamine, from which phthalanil was obtainable by the action of heat or of acids or 
alkalis. 

This was confirmed by Tingle and his co-workers for a number of phthalamic acids (K = m~ 
or _p-tolyl, ^-naphthyl, p-chlorophenyl) and a variety of amines (aniline, ethylaniline, benzyl- 
amine, pyridine, quinoline). They also found that aniline and /9-naphthylamine displaced the 
secondary amine from diphenyl- and dksobutyl-phthalamic acids : 




CeH4<co>NAr + E2NH. 


(K = Ph, •CHjCHMej; Ai = Ph, p-0„H,,) 

Acetic acid is more reliable than amines for the conversion of phthalamic acids into phthal- 
imides.^ Boiling alcohol is sufficient in the case of 4-nitrophthalanilic acid. 

The oxidation of triketo-iV-methyl-tetrahydroisoquinoKne to methylphthalimide ® probably 
proceeds via the phthalamic acid : 




KMnOi 


CO-NMe 




COOH 
KHMeJ 


C6H,<^^>NMe. 


Kogow ® obtained phthalanil by the action of glacial acetic acid upon phthalaniHde : 


n TT ^OONHPh 
^e^i^CONHPh 


,00 


OoH,<^g>NPh + Phm2. 


(d) From nitriles . — When diazotised anthranilic acid is treated with cuprous cyanide the 
product is not the expected o-cyanobenzoic acid but phthalimide : ’ 


p TT ^COOH CIU.O71 
>■ 


rpTT^COOH-l 


CeH4<°g>m 


Similarly, the oxidation of o-cyanobenzylaniline by KMnO^ in acetone gives phthalanil : ® 


n TT ^CHoNHPh 


r .CO-NHPh 


CeH4<“>NPh. 


^ 1 Hutti, Ghm. Zfng., 1886, 54, 821; 1886, 55, 839; Pratt and Perkins, J. A. G. S., 1918, 40, 206, 212; 
Tingle and Brenton, loc. cit. 

2 Amer. Ghem. J., 1907, 38, 642; J, A. G. ^., 1908, 30, 1882; 1909, 3, 1167; 1910, 82, 1319. 

* Zentr., 1909, ii, 983. * Tingle and Bates, J. A. G. S., 1910, 32, 1319. 

» Freund and Beck, Ber., 1904, 37, 1946. s jhid., 1897, 30, 1442. 

’ Sandmeyer, ibid., 1886, 18, 1499 ; Tiemann and Miiller, ibid., 1886, 19, 1478, 1498. 

• Landaberger, ibid., 1898, 31, 2884. 
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isr 

Til© int}0Si3(C'b[Oii of opg&iiic SiCids with, nitriles to form secoiid.£iry scid. amides lias been applied 
by liathews ^ to the preparation of phthalimides. Colby and Dodge 2 had found that inter- 
change of »CN and *GOOH groups occurred in certain cases when an aromatic acid was heated 
with an aliphatic mtrile, and this probably explains the 92% yield of phthahmide obtained by 
Mathews by heating phthalic acid with propionitrile at 180-200° : 


+ EtCN -— >• [c6H4<^^qjj] — > CeH4<^^>NH. 

+ BtCOOH 

Phthalic acid and ethylene dioyanide give a mixture of phthalimide and succinimide. Aceto- 
mtnl© is without action on phthalic acid, but with mellitic acid the two di-imides or the tri-imide 
are formed according to the conditions : 


COOH 

COOH'fA'COOH 
COOH*l^ J’COOH 

COOK 

mid. 


Sodium mil 






NH — CO 

io— COOH 
CO— i I— COOH 

i V 

NH — CO 
JSuchronic acid. 
COOH 

COOH 
■p.'Euchronic acid. 


^H<CO 




+ 


NH — CO 

( 1 ) 0 — 

CO— I J— 


: — ^0 


NH- 


Paramidc. 


o-Dicyanobenzenca give phthalimides on hydrolysis. E.g.:^ 



like 


0 

Me 


l5o>™- 


it) From- mimm of o-aldehydahenzoic acwl?.— Phthalimides are also formed by the action of 
alcoholic hydroxyiaminc upon o-aldchydobenzoic acids. The oxime first formed may be supposed 
to undergo amdensation with the ‘COOH group in somewhat the same way as the nitriles (which 
are dehydrattHl cjiimes). Bacine obtained phthalimide by heating the oxime of phthalaldehydic 

acid ; 


C’lli*/ 


CiirNOH 

1:0011 


I /CH(OH). 

->• \N*OH 


CeH,^ 


\co — / ^ 


Csh/'’°Nnh. 


* ('kfM, J., 180(5, 18, 870; 1898, 20, 648. 

• (Mbriel and Thieme, Per., 1019, 52, 1082. 


2 Ibid., 1891, 13, 1. 

* Ami., 1887, 239, 86. 
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Opianic acid (IX) is converted by alcobolic NHgOH into 3 : 4-dimetboxypbtbaliinide (X) 


/N-CHO 

MeO*l^^.COOH 

MeO 

(IX.) 


MeO-(^^ 

Mei 


!-CO>™* 


(X.) 


Posner ® obtained pbtbalimide by tbe action of alkali upon o-cyanobenzaldoxime : 


C6H4< 


ch:noh 

CN 


CeH4<g^>NH. 


Phthalimides have been prepared as follows : 

(а) Action of amines upon pbtbalic acid, anhydride, ester or chloride. 

(б) Action of urea, thiourea, substituted ureas, formamides, AmCNS or AmgCOa phthalic 

anhydride. 

(c) Prom phthalamic acids. 

(d) From o-cyanobenzoic acid, o-dicyanobenzene or phthalic acid and nitriles. 

(e) From oximes of o-aldehydobenzoic acid. 


JSase E/'NHj. 


Method (a). 
References. 


Amm onia. 


1, 3, 15, 19, 84, 126, 132 


Methylamine. 

Ethylamine. 

Propylamine. 

isoPropylamine. 

Butylamine. 
d -Phenoxybutylamine. 
Allylamine. 

Glycine. 

a-Aminotsobntyric acid. 
Leucine. 

p-Amino-p-pbenylpropionic acid. 
Taurine. 

Benzylamine. 

Aniline. 

o-Toluidine. 

♦»-Toluidine. 

p-Toluidine. 

Mesidine. 

ij^-Cumidine. 

4-Amino-3-isopropyltoluene. 

p-Cbloroaniline. 

p-Bromoaniline. 

p-Iodoaniline. 

p-Cyanoaniline. 

0 -, m-, and p-Nitroanilinea. 


11, 19 


87 

26, 49 
113 
49 
130 
62 


6, 16, 37, 76, 93, 97, 106, 114 
29, 50, 93 


26 


26, 

26 
9, 

20 

26 

24 

12 

12 

12 

116 

12, 66, 100, 119 


^ Liebermann, Ber., 1888, 19 , 2278, 2923. 


Other Methods, 
References. 

f(6) 8, 17, 34, 38, 117, 124, 12S 

4 id) 28, 39, 74, 82, 83 

i(e) 47, 80 

r(6) 34 

1(c) 81, 101 

/(6) 34 

iic) 81 

(c) 81 
(c) 81 
(c) 81 

(6) 48, 62 


(c) 106 

/(6) 57, 73, no 
t(c) 73, 75, 79, 106, 109 
(c) 29 

(c) 106, 108 

(o) 29, 103, 106, 108 


(c) 106, 108 


* Ibid., 1897, 30, 1697. 
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Phthalic acid. 


Tetrabromophthalio acid. 


3 : 4-, 3 : 6', and 4 : 6-Di4odophthalio acid. 
3:4: 6-Tri-iodophthalio aoid. 


Tetraiodoph-tlialio aoidi 


3: 4: 6; 61 
3:6:4;6V 
4:6:3: 6j 


DioHorodi-iodophthaJio acida. 


Bate, 

/Ammonia (fomamide). 

'Aniline. 

0 -, m-, and p>Toluidine«, 
4-o>Xylidino. 

<1/-Cumidine. 

0-, m-» and n-Nitroanilines. 

P'Bromoaniline. 

p-Iodoaniline, 

2 : 4-Bibromoaniline. 

2 { 6"Dibromoaniline. 

2:4; 6-Tribroraoaniline, 

p-Aminophenol. 

p-Aminoaot^tanilide. 

0 - and p-PhenotidineB. 
p-Aminoaaobenaeno. 

Anthranilio aeld. 

«. and p-Naphthylaminea, 
Hydroxylamine, 

Pnenylhydraxlne, 

Phenylethylbydraaine. 

2 ! 4 : 6-Tribr(>mo|)henylhydrazinp, 
\3 ! 4 : O-Tridodophenylhydrasiine. 
Aniline. 

Aniline. 

( Ammonia (formaldehyde). 

Aniline. 

0 -, W-, and p*ToluidintNS. 
m-NitroaniUne, 
p-Aminophenol. 
n- Araiimaoetan ilide. 
U’henylhydraxine, 

Aniline, 


3 : 4-Dimetho3cyphthalio aoid (hemipinic). 

4 : 6-Dimethoxyph.thaJio aoid (motahemipinic). 
4-Sulphophthalio aoid. 

4-Metbylsulphonylph.thalio acid, 

3- Nitroplithalio aoid, 

4- Nitrophtbalio aoid. 

3-Nitro-0-h.ydroxy-6-methoxy-2*aIdehydobenzoio acid. 
3-Oarboxyphth.alio aoid. 

Mellitic aoid. 


XHv 


{ Ammonia. 

Ethylamine. 

Btmxylamine, 

Ethylamine. 

Ammonia. 

Ammonia, 

AniUne. 

Aniline, 

Ammonia, 

Ammonia, 

Ammonia. 

Aniline, 


Ch/i '■CMe-CO 


N , 

Cantharidine, I 6 | yo. 


\, 


Ammonia. 


ReS&tmm, 
(6) 123 
(a) 123 


{ 


(ffl) 120 

(а) 120 

( б ) 120 


( 0 ) 120 


(a) 122 

(o) 120 

{c)4() 

(o) 40 
(a) 72 
(c) 75 
(a) 72 

(0) 43, 44, 131 
(o) 135 
(c) 111 

(c) 111 
{«) 41 
(«) 77 
(a) 2. 6 

(d) 83 
(tt) 32 


(o) 134 


RffermcM, 

1 Laurent, Ann., 1836, 19, 47, * WdWer, ifrid., 1841, 87, 269. ® Marigniw, 1842, 42, 220. 

^ Laurent, ibid., 1846, 60, 329. * Schwarz, ^id,, 1848. 66, 46. « I^aurent and Gorhardt, iUd,, fife, .34. 

7 Ladenburg, Ber., 1876, 9, 1627. « Biedormann, ihU., p. 1670. » Michael, ibid., imi, 10, 679, 

10 Biedermann, ibid., p. 1160. n Michael, ibid., p. 1644. » Gabriel, ibU., 1878, 11, 2261. » Ballo, 

Ann., 1879, 197, 332. i* Lassar Cobn, m., 1880, m, 296, 300. « Kuhara, Amr. Ckm, 1881, 8, 27, 
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16 Dobner, Ann., 1881, 210, 267. i’ Piutti, ibid., 1882, 214, 19-24. w Wallach, ibid., p. 248. 
19 Landsberg, ibid., 215, 181, 196. *6 Eisenberg, Ber., 1882, 15, 1017. *1 Piutti, ibid., 1883, 16, 1322. 

99 Lacb, ibid., p. 1781. 9® Sebiff, Ann., 1883, 218, 194. 94 Kelbe and Wartb, ibid., 221,- 169 

95 Drechsel, J. pr. Ghent., 1883, 27, 418. 96 I'xohlicb, Ber., 1884, 17, 1802, 2679. 97 PeUizzari, ibid' 

1885, 18, 216. 98 Sandmeyer, ibid., p. 1499. 99 piutti, Ann., 1885, 227, 205. 3® Vauni, Qazz., 

1885, 15, 346. Piutti, ibid., p. 479. ®9 Hotte, J. pr. Ghent., 1885, 32, 238. 3® Idem, ibid., 83, 99. 

34 Piutti, Ghem. Ztng., 1885, 64, 821; 1886, 55, 839. 3® Pellizzari, Gazz., 1886, 16, 205. 36 jugt 

Ber., 1886, 19, 1204. 3^ Michael and Palmer, ibid., p. 1375. 38 Aschan, ibid., p. 1398. 89 Tiemann 

and Maier, ibid., pp. 1478, 1497. *9 Liebermann, ibid., 'pp. 2280, 2923. *1 Elbel, ibid., p. 2306. 

49 Hotte, J. pr. Ghem., 1886, 33, 99 ; 1887, 35, 281. ^ R 6 e, Ann., 1886, 233, 226, 238. *4 j q 

1886, 49, 518. Graebe, Ann., 1887, 238, 332. 46 Royer, ibid., p. 355. 4 ? Racine, %bid., 239, 85. 
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6. From phthalazines by reduction : C6<^ V 

C — N 

The tetrahydrophthalazine ring is so unstable that it breaks down at once in the presence of 
the reducing agent, forming a dihydro^'soindole and am m onia. This reaction was first observed 
by Eaoine : ^ 


c.H4<oooh + 


dilute 

n rr ^OH— N 
acid ” * CO — EPh 


Sn+HOl ntT 


PhenylpMhaUmidine. 

Phthalimidine itself was obtained in a similar manner from phthalazone by Gabriel and Neumann, ^ 
and the reaction has been extended to a number of other phthalazones and phthalazines by 
Gabriel and his co-workers. Chlorophthalazine (from phthalazone and PCI5) is reduced to 
dihydrowoindole by zinc and HCl : ® 






The phthalazones are readily prepared by the action of NgHi upon alkyhdene- and arylidene- 
phthalides obtained by PerMn’s reaction from phthalic anhydride. Thus Bromberg ^ prepared 
3-propylphthalimidine and 3-propyldihydro4Soindole, starting from phthalic and butyric 
anhydrides : 

CHEt 

nn 175° nl _ n»H 4 

eeH,<co>^ + E^GH^-COOH -> CflH4<5Q>0 — > 


CHaEt-i 

UO 


CHaEt 


OH^Et 


ca<-i:|h 



OeH,< 


jpoi. 

OHgEt 

cci:]!t 

4 


Zn+HOl 


CHaEt 

C.H4<ggp>NH. 

The wobutyl and benzyl compounds were similarly prepared. 

The reduction of methylcHorophthalazine with HI gives methyk’soindole.^ 




CMetN 


-CCIIN 

wolndole itself has not been obtained. 


P4.HI /OMcv /CHMe^ 

s n TJT / ^-KT .n*. n TT / \i<r 

• ‘\ch/ 


1 1887, 239, 86. * Per., 1893, 26, 624. a p. 526. * Ibid., 1896, 29, 1436. 

• Gabriel and Neumann, ibid., 1893, 26, 711 ; Gabriel and Eschenbacb, ibid., 1897, 30, 3029. 
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P4JM-IND0LE 

The following «omdole derivatives have been prepared from pbtbalazines : 

pTT-p 

(«) Dihydroimindolea, CeH4<^ \]S[H 

\pTT ‘ 

= hydrogen (2, 6). methyl (3, 5). ethyl (U propyl (4), feobntyl (4). 

( 5 ) PUhxlimidines, C8H4<^^^^\nh 

R = hydrogen (2), methyl^, ethyl (7), propyl'^ieohntyl (8), benzyl (4). 

C.H,/ >N and C.H./ ‘Vm. 

\C0/ 

(3, 5) (1) 

References. 

3 & 9 . « Frankel, iUd., 1900 . 33, 2808. ’ ’7 Dau'be. L., 1905 38? 


i"^ii:.4-IND0LE 




J CHaCl 

NHa 




-CHa 
I " 
CHa 
I ' 
-NH 


This remarkable compound very closely resembles dibydroindole. It has the same m. n. but a 
mixture of the two melts at a lower temperature. * 

Heller ‘ has also obtained what appears to be a jwa-indole derivative by bensoylatinK 
7J-aminomandelic acid in pyridine solution ; j j & 


'\ 

I 


-CH(OH) 

ioOH 

-NHa 


riioooi 

■ >- 

+ pyridine 


0 


-CH(OH) 

CO 

-N'-COPh 


1 J. C. 8., 1888, 53, 21. 
8 IUd., 1912, 45, 1274. 


8 Ber., 1901, 34, 2082. 
* Ihid., 1913, 46, 280. 


CHAPTER VI 


CARBAZOLES, NAPHTHASTYRIL, ETC., 


Introductory 

Poe the synthesis of carbazoles the starting-point may be (i) a diphenylamine derivative or 
(ii) a diphenyl derivative : 



(i) From di^henylamines— The dehydrogenation of diphenylamines to give carbazoles (sect. 1 ) 
occurs when the bases are passed through a hot tube or over an oxidising agent. The yields are 
naturally small, but in the anthraquinone series satisfactory results are obtained by alkaline 
iusion. 

A better method is first to introduce sulphur by means of SClg (or of sulphur with a catalyst) 
and then remove it by heating with copper or an oxidant (sect. 2 ). 

: ^-Diphenylhydroxylamine, the A-hydroxy derivative of diphenylamine, is converted into 
carbazole by H 2 SO 4 at — 20 ° (sect. 3). o-Hydroxydiphenylamine gives no carbazole, but 
tetrahydrocarbazoles are easily prepared by condensing arylamines with 2 -chloroc^cZohexanone 
(sect. 4). 

c«/ctoHexanones are more conveniently converted into tetrahydrocarbazoles by the Drechsel- 
von Baeyer method (sect. 5), which is precisely analogous to Fischer’s indole synthesis. This 
important method has been applied to the preparation of a large number of tetrahydrocarbazoles, 
and from the latter carbazoles are readily obtained by dehydrogenation with sulphur or lead 
oxide. Buoherer’s method (sect. 5) is a modification, in effect, of the Brechsel-von Baeyer 
synthesis and leads to napMhocarbazoles. 

The smooth ehmination of nitrogen from arylaziminobenzenes provides another important 
carbazole synthesis (sect. 6 ). 

(ii) From diphenyls. --o-Ajcoinodyihenjl loses two hydrogen atoms when strongly heated and 
gives carbazole (sect. 7), but much more satisfactory results are obtained from 2 : 2'-diaminodi- 
phenyl (sect. 8 ), either by elimination of NH 3 , as in Ladenburg’s pyrrolidine and piperidine 
syntheses, or by tetrazotisation. 

The amino groups may be introduced by the action of ammonia upon 2 ; 2'-dihydroxydiphenyl 
derivatives (sect. 9), when ring-closure follows in the same operation. 


(5) 

/\- 


( 9 ) 


)(3 

(21 
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1. From diiihenylamines : 


^6\ /^e 


Diplienylamme is converted into carbazole wten its vapour is passed through a bot tube ^ 

''N 

NH 


\/\/ 
NH 


Tbe hydrogen 


The yield is only about 5%, but much dipheuylamine is recovered unchanged. 

18 used up in reducing the diphenylamine to aniline, benzene and NIL 

Carbazole is also formed in smaU amount in the pyrogenous production of diphenylamine 
arnlme, and from benzene and NHj or acetylene and NH^.^ A similar dehydrogLation 

^ W carbazole when induUne is difitUled with lime 4 

^-Mrthyldiphenyla^e gives, not methylcarbazole, but carbazole and methane.® 

over™? diptenylamine vapour and air 

led tSi dehydrogenation when their vapours are 

(XA ^ 

NH r I 

/\ /\/\ 



\X\X\ 

NH 

^trtTIrflb! pHenyl./S-naphthylamine is exceptional. 

XMo trace of the a-/5- ( angular ”) compound is obtained.^ ^ 

tlie anthraqmnone serms phthaloyl- and diphthaloyl-carbazoles are obtained from aryl- 

amno-anthraquinones or anthrimides either by oxidation, by alkaline fusion or by the action of 

AlUg, etc. in the case of arylaminoanthraquinones the ^para position must be occupied by methyl 

or chlorine to prevent the formation of diphenyl {i.e. benzidine) derivatives. Thus ^ 

NH— 

\Aco/\/ 

1916, 37^682 *705’ Hofmaim, Monatsh., 

; asajit .t**- L.'SHX. ..... « .... 
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CARBAZOLES 


The alkaline fusion of 1 : 1'-diantlirimide (I) ^ and 1 : T : 4' : 6"-triantliriniide (III) 2 giy^g 
carbazoles (II and IV) : 


/\/°\/ 


.NH. 




CO 


> CO 




/ 

(I.) 






/\/°\/\ /\/^\/' 


/\/" \/\| 


(II.) 


,NH\ 


NH 


(in.) 






NH 

AV^ 


(IV.) 


The same condensation is brought about by the action of AICI3 ® or FeClg.^ 

2-Bromo-l : l"-dianthrimide (V) is converted into a carbazole (II) by the action of AIOI 3 or 
of a mixture of potassium acetate and cuprous iodide.^ 


XOv 


/™\ 


,00. 


A Y>-/YXX ■ 

YYYcoYYY 


(V.) 


2 . From thiodiphenylamine : Ce<^^^p>C6 


When diphenylamine is heated with sulphur dichloride ® or with sulphur and AICI 3 ’ it gives 
thiodiphenylamine^ from which the sulphur may be readily removed by heating with copper at 

S 

Ph-NH-Ph YlYY . Yl 

' \/\/\/ xAA/' ■ 

NH NH 

Dithiodiphenylamine (from diphenylamine and SgCla) behaves similarly.® 

‘ SiS-.IS .‘ El-'p ISI ’D.R.-PP. 2«080, 249000,262788. 


FROM o-HYDROXYDIPHENYLAMINE 

From pheuyl-a-uaphtliykmme Kym * in the same way prepared a naphthooarbazole : 

s 
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and Ejs » obtamed inaphthocarbazole in BB% yield from tbio-/3 : /?-dinaphthylamine. 

prepared by Fries and Ochwat,® the corre- 
sponding thiotoaphthylamme being desulphurised by heating in nitrobenzene or in glacial 
acetic acid with a little nitric acid : m giduai 


CO 

^YVh + 

Y\/d-NHAr ^ 
CO 


CO 

Cl-C^Y 

Cl.H\>^y 
CO 



(Ar ^Ph or^j-Cl-CcH^O 


CO NArCO 


3. From diphenylhydroxylamine : Cg. .C. 

\n/ 

Wieland and MiiUer ^ prepared diphenylliydroxylamine from nitrosobenzene and phenyl 
magnesium bronude Treated with a mixture of cone. H,SO, and acetic acid at -20° the pmdnct 
for carbazole (25% yield). o-Hydroxydiphenylamine is not formed intermediately, 

race of carbazole can be obtained from this compound under the same conditions. The 
mechanism suggested by Wieland and Muller is as follows • 

OH ^ 

.CgHg C6H4 s^^^ 06H5 — >" CeH4-CeH4. 

' 


0aH5\^^v 


4. From o-hydroxydiphenylamine : C6<^^^C 


Although o-hydroxydiphenylamine shows no tendency to anhydrise to carbazole, ^ tetra- 
hydrocarbazoles are obtained quantitatively* by heating together a mixture of arylamine and 
2-chlorocycZohexanone at 150-160° ; « 

^ m m3 ?6 3304 5 wm’ 1^23, 56, 1298. 

* A°-!r‘’i+ Wieland and Muller, loc. cit. « D R -P 374098/1923 

9uant^tW;i^rth“Snroorpom^ ■“ ^-hydroxydiphenyiamina teing aonvertad 


/\ 

Y'NH. 


+ 


CH, 

ci-oh\)h. 


(io i 
\/ 
CH„ 


-H,0 


IH. 


0 


OH, 

Cl-cO'CHa 

li in. 

./\/ \/ 

NH CH. 


-HOI 


CH, 

TY’. 

NH OH, 
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CHa 1 

/\ OH.g^ V2 


\A 


C OHo 


NH CH, 


CHg 

NH CH« 


r 


The reaction has been applied to aniline, etbylaniline and 0 - and ^-toluidines. 


5. From arylhydrazones of cyclic ketones : Cg — N — Gg 

The Fischer indole synthesis was first applied to the carbazole group by Drechsel,^ who 
heated cyciibhexanone with phenylhydrazine and obtained a product identified six years later 
by V. Baeyer ^ as tetrahydrocarbazole : 


CH 2 

ck 


r 


\ 


CHj 

A— 

NH OH, 


The phenylhydrazones of c^/cZohexanone-S-carboxylic acid * and the isomeric 4-carboxylic acid ^ 
behave similarly when heated with HOI. 

From 3-methylcycZohexanone (I) Plancher and Carrasco ® obtained the expected isomeric 
methyltetrahydrocarbazoles (II and III) by the action of alcoholic ZnOlg upon the phenyl- 
hydrazone : 


/\' 

9H, CfH, 
CO CHMe 

\/ ■ 
CHa 

(I.) 


CH 2 

NH CHa 

(11.) 


CHMe 



(III.) 


More interesting is the behaviour of cyclohexanones carrying an ortho substituent, 2-Methyl- 
cycJIohexanone (IV) was shown by Plancher and Testoni ® to give two products — one the ordinary 
tetrahydrocarbazole (VII), the other a tetrahydrocarbazolenine (V). It seems probable that the 


1 J. pr, Ghem., 1888, 38, 69. 2 Ann., 1894, 278, 105. 

* V. Baeyer and Tutein, Ber., 1889, 22, 2183. * Perkin, J. G. S., 1904, 85, 428. 

® B. A. L., 1904, [v], 13, i, 632, e Qazz., 1900, 30, ii, 668 j B. A. L., 1900, [v], 9, i, 218. 
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primary products are two tetrahydrocarbazolenines (V and VI), of which only one is capable 
of rearrangement to the tetrahydrocarbazole (VII) : 


CHa 

CO OHa 




^2 
(IV.) 


OHo 

-9Me 9H2 

N GH2 
(V.) 


/\. 


CH2 
9 H, 
N CHMe 




\ 


-Q OH, 


(VI.) 


\A/C\/CH2 

NH CHMe 

(VII.) 


Menthone (VIII) similarly gives two products (IX and Xj : 


Me20H*9H 9H2 
CO CHMe 

\/ 

CH2 

(VIII.) 




CHMea 

CHa 

./\ 

-9 CH, 


XA^^V/CHMe 
N CHa 

(IX.) 


+ 


X 


CHMe 

/\ 

-C CHa 


f ^ — h 
\AxC\/CSa 
NH CH-CHMa 

(X.) 


These results are in accordance with Reddelien’s view of the Fischer indole synthesis (see p. 96 ), 
according to which the reaction takes the following course : 


9Ha*CH2-9Ha 
PhNH‘X:C — CHa-CHa 
CHa 

A 9Ha\Ha 
N CHa 


-Hi 


9Ha-CHa-9Ha 

PhNHa + NH:C CHa-CHa 

CHa 

A— /\_ 

N CHa 


-NH. 


CHa 

X\ 

\A/C\XCHa 
NH CHa 


The Drechsel synthesis has been subjected to a very full investigation by Borsche, Witte 
and Bothe,^ who obtained good jdelds by simply heating the hydrazones (unpurified) with dil. 
H2SO4 on the water-bath. It was shown that m- and j?-substituents in the phenyUiydrazine 
nucleus did not hinder carbazole formation, and in the former case the diphenyl linkage took 
place jpam (not ortho) to the meta substituent. Thus : 



The reaction is limited, however, to the simpler c^/c^ohexanones, and no carbazole derivative 

1 Ann., 1908, 359, 49-80. 
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could be obtained from pulegone (XI), carvone (XII), camphor (XIII) or A^-S : 5-dimetliylcycZo- 
bexenone (XIV). 


MeCIOHa 


CHMe 

CH 

OH 

CMe 

/\ 

/\ 

/ 

\ 

/\ 

CHa 9Ha 

CHa 9Ha 

CO CH 

CHa 

CHa 

9 H Cl 
CO 01 

CO CHa 

1 CMea 1 

\/ 


CO 

CHa 


C 

CMea 

CMe 

\ 

c 

/ 

Me 

CHa 

(XI.) 

(XII.) 

(XIII.) 

(XIV.) 


Tbe tetrabydrocarbazoles are readily converted into carbazoles by distillation over lead oxide, 
or, better, by oxidation with mercuric acetate or by boiling -with tbe theoretical amount of 
sulphur. 

The phenylhydrazone of c«/cZohexan-l : 2-dione was prepared by Coffey ^ by the action of 
diazobenzene upon hydroxymethylenec^/cZohexanone. It gives the corresponding ketotetra- 
hydrocarbazole in good yield, but the product is difl&cult to purify ; 


CHa 

/\ 

OH-CHiC^^CHa 

CO 


PhlTjOl 
^ 


/ 


CH, 

9Ha 

/CH, 


acid 


/ 


CHa 

NH CO 


In the naphthalene series the a- and )9-hydroxy-compounds may function under certain 
conditions as ketones, condensing with hydrazines to give hydrazones from which naphtho- 
carbazoles may be obtained. Schdpff ’s preparation of /5-naphthophenocarbazole from ^S-hydroxy- 
naphthoic acid and phenylhydrazine ^ may thus be explained : 


PhNH-NHa + 


/\/\. 
I I I 
\/\/* 


\ 
/\/ 


OH /\ Ha9 

COOH NH-N=C\/' 


/\_/\/ 

\/ 


-CO, 


H COOH 


ioOH 


(XaX- 

NH 

^-napMhophenocarbazole. 


1 Eec. trav. cMm., 1923, 42, 631. 


* Ber., 1896, 29, 265; Japp and Maitland, J. G. 8., 1903, 83, 267. 
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irt 


The same product was obtained from /?-napbtliol by Japp and Maitland.,^ wlio also con © 
/S-napbtbol with a- and )?-napbtbylbydrazines to give dinapbthocarbazoles (30% yidci; . 


/\ 



/\ 

V> 

W 

ra 


ty 


i3;3. 


The yields are much improved (especially in the /^-series) by the use of the Bucherer bisiilph* fc® 
reaction.^ Thus from /5~naphthol by the action of phenylhydrazine and aqueous sodium biaul- 
phite 46% of the theoretical yield of /S-naphthophenocarbazole is obtained, and from 2 : 3 -hydroxy- 
naphthoic acid the yield is 70%. Sulphonated /9-naphthols behave sinoilarly, but ^^^-Baphtbo* 
derivatives react less smoothly. The naphthylamines and their sulphonic acids react in the 
way as the corresponding naphthols. In the aminonaphtholsulphonic acids, J- and y-, the 
group is protected by a meta SO 3 H group and only the ‘NEg enters into reaction. The product* 
are ; 



From y-aoid. 


OH- 


SO3H 

I 




\/\/\/ 

NH 

From J-acid. 


In A-acid (2:5: l-aminonaphtholsulphonic acid) both the -OH and the ‘hTHg are free to react . 
Moreover, the easy elimination of the -sulphonic acid group leads to 2 : 1 - as well as 2 : S-earb* 
azoles. Bucherer and Wahl ® obtained evidence for at least four products in this case, 'viz, : 




OH 

I 

/ 
s/ 




00 ^ 


%\/ 

NH 

SO,H 


./ 


and 



Friedlander ^ has shown that not only phenylhydrazine but as-alkylphenylhydrazines, PhKli *K 11 ^ 
1 Loc. cit. 

® D.B.-P. 208960; Bucherer and Seyde, J. pr. Chem., 1908, 77, 403; Bucherer and Wahl, ibid.^ Iii22 
103 , 272, 273; Bucherer and Zimmermann, ibid., 1922, 103 , 294-304. s ** *”*" 

* Chem. Ztng., 1916, 40 , 918; Ber., 1921, 54 , 620. 
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(where R = Me or Et), condense with /5-naphthol or 2 : 3-hydroxynaphthoic acid in the presence 
of hisulphite, giving iV-alkyl carbazoles : 


\/\/ 


CH, 

/\/\( 


CHo 


k 


/\ 


Y\ 


CH, 






H /\/ 

■\/ \nh-nr 
CH 

0-S0,Na 


)0 
CH 


Y\ 

U\ 

, 9H 

)IL Q 

%/ 

CH 


,0H 


/V\ 

I I i<0-SO,Na 
CH 


PliNB-NH, 


/\ 


alkali 


y\ 


-> 


or acid 


NR 

O-SO^Na 


(+NaHS03). 


The action of bisulphite upon naphthylhydrazines has been investigated by Bucherer and 
Schmidt.^ A " sulphurous ester ” is first formed, which reacts with a further quantity of 
naphthylhydrazine to give a hydrazonaphthalene. This then undergoes transformation into a 
dinaphthocarbazole ; 

CioH 7-NHNH2 — ^ CioH^-O-SOaNa — > CioH7NH-NH-CioH7 


h,9A/ 

yy*NHN-=c\ 


0 


-Y\/ 


\/\/\. 

NH 


The yields are higher in the /5-series than in the a-series. 

Phenanthrocarbazoles were prepared by Japp ^ from phenanthrol by heating with phenyl- 
and a- or /5-naphthyl-hydrazines at 200° : 




/\ 


\ / 


X) xuo 

m ( I NH I 



I 1 NH 

\/ , \/ \/ \/ 

From fhenylhydrazine. From a-naphthylhydrazine. From fi-napMhylhydrazine. 

The Drechsel method or its modifications has been used in the following cases : 


(a) Phenylhydrazine condensed with : 
c^^cZoHexanone. 

c?/cZt)Hexanone-3-carboxylio acid. 
cycZoHexanone-d-carboxylic acid. 
2-MetbylcycZobexanone. 


References. 

1, 3, 18 
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^ J. pr. Chem., 1909, 79 , 369. 

Japp and Findlay, J. C. S., 1897, 71 , 1124; Japp and Maitland, iUd., 1903, 83, 267. 
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3-MetliylcycZoliexanone. 

Mentlione. 

Pulegone (fails). 

Carvone (fails). 

A^-3 : S-DimethylcycZoliexenone (fails). 
a-Naphthol. 

a-Naplithol-4-sulph.onio acid (N. W. acid). 
P-Naphthol. 

2 ; 3-Hydroxynaphitlioic acid (loses COj). 
(3-Naph.tliol-8-sulplionio acid (Crocein acid). 
p-Naphtliol-S : 6-disulplionic acid (R-acid). 
P-Naplitliol-6 : 8-disulphonic acid (G-aoid). 
2:6: 7-Aminonaph,tholstdplionio acid (J-acid). 
2:6: 8-Aminonaphth.olsulplionic acid (-y-acid). 
2:5: l-Aminonaphtholsulplionic acid (A-acid). 
2: 5:1: 7-ArQinonaph,tlioldisulplionic acid. 
Phenantlirol. 
cycZoHexan-l : 2-dione.* 


Beferences. 

9, 10 
9, 10 
10 
10 
10 

11 , 12 
11 , 12 
7, 11, 12 
4, 7, 11, 12 
19, 20 
11 , 12 
11 , 12 
16, 19, 20 
16, 19, 20 
19 
19 
6,7 
21 


(6) cyoloHexanone condensed mth fhe following hydrazines : 


Phenylliydrazine. 1 3 18 

0 -, TO-, and p-Nitroph.enylhydrazines. lo’ ’ 

0 - and p-Chlorop]h,enylhydrazines. 10 

p-Bronioph.enylh.ydrazine. 10 

p-Acetaminophenylhydrazine. 18 

TO-Oxalaminophenylhydrazine. 22 

2-Chloro-5-nitrophenylhydrazine. 18 

p-Tolylhydrazine. 10 

p-Anisylhydrazine. 10 

p-Phenetylliydrazine. 10 

a- and p-Naphthylliydrazines. 10 

p : p'-Dibydrazinodiphenylmethane. 14 

Phenylmetliylhydrazine. 18 

p-Acetaminophenylmetlxylhydrazine. 18 

a-Phenylhydrazino-acetic ester (PliN(NH8)'CHj-COOEt). 23 

1- Aminodihydro-3-qiiinoxalone 23 



(o) Other hydrazines and cyclic ketones : 


Hydrazine. Ketone. 


p-Tolylhydrazine. 

d-3-Metliylc2/cZoliexenone. 

10 

4-TO-Xylylliydrazine, 

99 99 

10 

i|/-Cumylhydrazine. 

99 99 

10 

»n-Nitrophenylhydrazine. 

99 99 

10 

Phenylmethylhydrazine. \ 

p-Naptthol. 

15, 17 

Phenylethylhydrazine. / 

15, 17 

a-Naphthylhydrazine. 

/ p-Naphthol. 

1 Phenanthrol. 

7 

6, 7 

p-Naphthylliydrazine. 

/ j^-Naphthol. 

\ Phenanthrol. 

7 

5,7 

(d) Action of sodium bisulphite upon : 



a- and P-Naphthylhydrazines. 


13 


* See p. 170, 
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1 Drechsel, J. pr. Chem., 1888, 38, 69. ® v. Baeyer and Tutein, Ber., 1889, 22, 2183. * v. Baeyer, 

Ann., 1894, 278, 105. * Schopff, Ber., 1896, 29, 265. ® Japp and Kndlay, j. C. S., 1897, 71, 1124. 

® Planoher and Testoni, Oazz., 1900, 30, ii, 558; R. A. L., 1900, [v], 9, i, 218. ’ Japp and Maitland, 
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13, i, 632. 1® Borsche, Witte and Bothe, Ann., 1908, 359, 49-80. D.E.-P. 208960. Bucherer 
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p. 294. Coffey, Rec. trav. chirrs., 1923, 42, 531. Edwards and Plant, J. G. 8 ., 1923, 123, 2398. 
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6. From arylaziminobenzenes : Cq— N g=— Cg 

This important synthesis is due to Graebe and Ullmann,i who obtained carbazole quantita- 
tively by distillation of the diazoimide from o-aminodiphenylamine : 

/\ /\.vn |/\| ^ 

\/\ /\/ 


•NOg 

-Cl 


+ 


NH, 




•N 02 

7\ /\/ 

NH 


HNO, 


NH 


/\/!f / 


k 


It 


860 ° 


7^ 




7\i7V 


\7\7\7 

NH 

Phenylaziminobenzene. 

A carboxyl group 2 or sulphonic group 3 para to 1}he ‘NH* of the diphenylamine facilitates the 
preparation of the interme(hates required and is completely eliminated as COg or SOg during 
the last stage of the synthesis. 

Arylaziminobenzenes in which the aryl substituent carries an ortho methyl eroup eive acridines 
as by-products ^ (see p. 381). 

^ Substituted carbazoles may usually be obtained equally well by two methods, the substituent 
being introduced either into the aryl nucleus or into the aziminobenzene nucleus ; ® e.g. 


1 N 

77^777 


|77.Me 


The yields of carbazoles from 






N 


®\/v 


a) KXV 


.N 


7\/n /\|, 


■NO, 


A\i7\/ 


"N 


® Ullmann, Ber., 1898, 31, 1697. 


1 1896, 291, 16. 

® Schwalbe and Wolff, ibid., 1911, 44, 237. 

^ Del6tra and Ullmann, Zenir., 1904, i, 1568; Ullmann, Ann., 1904, 332 82 
® Borsche and Eeise, Ben, 1907, 40 , 382 . , oa, ozi. 
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are iiotgood,^ but in most other cases the reactionis almost quantitative Carha^nlAo i, v 
prepared by this method from the following dipheuylamine derivatives ; ' 


\.mr /\ 


UxX 

NH 

( 1 ) 


COOH 








SOoH 




\/\ /X/ 

NH 
(2. 3, 6) 




/\ A/ 

NH 

(8) 


COOH-/\nH2 /\Me 

\/\A/ 




Me 


./\ /\/ 

NH 

( 6 ) 



i 

\ A A/ 

Me-l 


/\. 


( 6 ) 


NH2 


NH 

(7) 


COOH 


NH 
(3, 4, 5) 

■NH. lA 




(4,5) 


''\nh2 COOh/N-NHj 

Axx^ xA. 


Me- 


\ XX 

NH 


X\>() 

NH I 
Me 


Me 


a 


/\mi, /X c]./\. 


X/X / 

NH 



(3) 

(4,5) 

(3, 6) 

V' 

A-nh, A-no, 

N02*|A-NH2 

no,-/\.nh, Y\ 


\A /\/ 

NH 

xA XXX- 

NH 

XXX xxX 

NEt 


(3) 

(4,6) 

(4) 


fNH2 

.XX X 

NH 
(5) 




_ In the naph^alene series phenyl- and p-tolyl-asiminonaphthalenes have been converted 
into napntliocarbazoles : ^ 


X 


k 




I’NH, |/ X(Me) 

/\nh/\/ 


(YSr, 


v(Me) 



NH 


Kehrmann, Ouleyay and Regis 3 stowed that by the distillation of phenylaziminonaphthalene 
there is formed, in addition to the aM^'.-naphthocarbazole, a small amount of the linear body 
(see also p. 166) : 

.XX 



^ tJllmann, Ber., 1900, 33, 1697. 

2 Idem, ibid,, p. 1697; Ann., 1904, 332, 101, 103. 


3 Ber., 1913, 46, 3712. 
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XUlmann and lUgen ^ extended tlie reaction to the synthesis of 1 : 2-phthaloylcarbazoles from 
antliraq[xunone8 : 


I Y Y i:™ + p™, 

■ \/\co/V 

Br 

Br 

M lY 

CO N 
1 CO 
/\/ 

1 I 
\/ 


V"V\-Br 


Y\ 


NH, 


HNO, 


beat 


00 / Y 

NHPh 

Br 

A, 


CO 

I CO 
sY 


\ 


(73% yield.) 

a-Anthraqninonylaziminohenzene was also prepared from a-chloroanthraquinone and azimino- 
benzene (benzotriazole) : , # 


,C 0 v 


y\ 




N 


Yr Y 1 + 1 I K 

YYYoqYY/ 

Cl 


A- YA 

heat YY_ 


N 1 

^ I 1 

1 

YYYWYY 
CO 1 

Y\Y" 

CO 1 

\Y\ 

NH 

1 CO 

1 CO 

\ 

<: 

Y^ 


\Y 

\Y 



/\ 


(70% yield.) 


(77% yield.) 


The products dye cotton pale brown and pale orange respectively from the vat. 


Q 

7. From o-aminodiphenyls : ,« ® 

NH, 

o-Aminodiphenyl gives carbazole when heated to redness with lime,^ while 2 : 4'-diamino- 
diphenyl gives 2-aininocarbazole : 

/\ Y\ 




Y\ 


OyO-™* 

NHa 

Diphenyline. 

1 Ber., 1914, 47, 380. 


■H, 


H, 


UYk 


NH 


Y 


Y-Y. 


NHo. 


NH 

* Blank, 1891, 24, 306. 
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8. From 2 ; 2'-diaminodiphenyI, etc. : 


NH 


NHo 


The usual ring-closure with elimination oi NH3 occurs when 0 ; o'-diaminodiphenyl or its 
denvatives is heated with 16-20% HCl or 26% H^SO, at about 200“ ; 1 ^ ^ 


/V 


A 




JDiaminohenzidine. 
(Me)-i^ /\. 


(From dinitro-benzidine or -toUdine by- 
removal of •NH 2 and reduction.) 


18% HOI 
'NH2 180-190'’^ 


(Me) 


/\ /\ 

Diaminocarbazole. 
(87% yield.) 


•/\ — 



NH 

(Quantitative yield.) 


rerfonsr'^ carbazole from phenanthraquinone by the following series of 


^CO-COv^ 


00 - 


-co 


HNO, 
— ^ 


/ 

/\ 


\ 

/\ 


COOH 


COOH 


A' 




9OOH 


1 I 

\/ 


9OOH 


/\ 




A' 


distilled over 


baryta 



NH 
(60% yield.) 


\A 

Diaminodiphenic acid. 

The same reaction was earHer employed by Nieteki and Goll 3 in the naphthalene series : 

:N 


a-CioH^-NHa 


N=N 

/\A A\ 

k/\/ kA/ 

NH 


N: 

I 


I I 1 I 1 ">■ 

\A\A \/\/ 

■3 a : a.-Azonaphthalene. 

NH— NH HHa NH^ 

AiA AA ^ k yS aSa / 
k/Y kAk ^ kAk k/kk . 

“Dinaphtbyline.^^ 


H 


k 


\A 

a : a-Dinaphthocarbazole. 


12 


l0^a., lUUd, 86, 8747. 3 1885, 18, 3262. 
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Vesely ^ obtained an identical product by tbe action of zinc and acetic acid upon ot . oc •dijutro* 
/? ; j5'-dinapbtbyl : 



(60% yield.) 


while Meisenbeimer and Witte 2 prepared the isomeric dinaphthocarbazole from /J-nltro- 
naphthalene : 



In the anthraquinone series a diphthaloylcarbazole has been obtained by treating « ; a/!- 
diamino-/? : ^'-dianthraquinonyl with cone. H2SO4 or ZnCl2 : ® 


CO CO CO CO 



Tauber’s second method for the conversion of 2 : 2 '-diaminodiphenyl derivatives into 
carbazoles consists in treating the tetrazo compound with potassium sulphide.® This gives 
excellent yields and is usually more convenient than the first method : 

V6H“9eH4 C«H— CeH*. 

NHa NH2 NjCl NsjCl 

Probably the dihydrazino derivative is intermediately produced, for SnClj gives equal quantities 
of dihydrazino compound and carbazole, and when 'p : ^I'-diaminodiphenyl is tetrazotised and 
treated with KgS p : p'-dihyimzinodiphenyl results. The ordinary Sandmeyer reaction with 
copper 4 or cuprous bromide ^ gives only small yields of carbazole. The tetrazo compound gives 
carbazole as main product when treated with potassium iodide solution.® 


1 Ber., 1905, 38, 136. * lUd,, 1903, 86, 4168. » D.E.-P. 267833. 

‘ Tauber, Ber., 1893, 26 , 1703. <> Niementowsky, ibid., 1901, M, 331. 

• Dobbie, Fox and Gauge, J. 0. S., 1911, 99 , 1616. ? Masoarelli, Oau., 1908, U, ii, 619. 
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^ found that diaminodixylyl, prepared in small yield by the action of ICl 

carbazole by Tauber’s first method, but by^the second method 
tetramethylcarbazole was readily obtained • > y secona metnoa 


Me 

101 


Me- 


\ 




NH, 


Me/N 


k 




ike 


•NHa NHa 


\-Me 


u 

ie 


KaS 


Teirazo derivative 


Me./\- 


Me 


9 . From 2 : 2'-dihydroxydiphenyls and ammonia : 


Walder2 prepared a dinaphthocarbazole 
ammonia at 320-330'" : 


by heating di-^-naphthol with zinc-chloride— 



0 : 0 -Dihydroxydiphenyl, which has recently become a commercial j 

for the preparation of tetranitrocarbazole.^ It is first converted into fts dirr, l 
the methoxy groups are activated by tetranitration • methyl ether and 


0^ 


OH OH 


U-- 1. 


/\ 




OMe MeO 


k 




HO 






^^.OMe MeO-i 
l!f02 


.NO, 


alo. NH, 


/ 


140-160“ 


> N02/\ /\ 


NO, 


NO, 


n" 0^H NOa 




4tisZ"ufaL"edWt^ 1917, 50, 606. 
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NAPHTHASTYRIL, ETC. 

NAPHTHASTYKIL 

Naplitliastyril was discovered by BckstrandA wbo reduced S-nitro-l-napbtboic acid and 
boiled tbe resulting amino acid with water : 

. m ^ 

\/\/ 

ihloCOOH 


NOoCJOOH 


^ k -6 o 

Naphthastyril, 


It is best prepared from ^}m-napbtbalimide. Francesconi and EecM ^ could ^ only obtain 
traces by tbe action of alkabes on iV-cbloronapbtbaUmide. By varying tbe conditions XlUmann 
and Cassirer ^ increased tbe yield of napbtbastyril to 35%. According to Pisovscbi ^ tbe reaction 
proceeds quantitatively when napbtbalimide is treated with NaOCl and NaOH at 40-66°. This 
method, which is exactly analogous to tbe formation of antbranilic acid from pbtbabmide, 


NapMJialinbide. 


OioHK 


•COOH 


NH, 


Naphthastyril. 


CeH4<®%NH 

Phthalimide. 


nrr^COOB. 

^6^4<NH2 ’ 

Anthranilic acid. 


was used by Fierz and Sallmann ® and by Dutt,® tbe yield being, however, only 60%. 

An aminonapbtbastyril was prepared by Eckstrand ’ by reduction and anbydrisation of 
dinitro-a-naphtboic acid : 

NO2 


rV'i 

\/\/ 

ikOa COOH 


NH, 

I ® 

./\/ 

NH-CO 


PYRHOLANTHEONES 

Pjrrolantbrones may be regarded as tbe anthracene analogues of naphthastyril : 


YY/Y 

w 

io-NH 

Naphthastyril. 


CO 



1 1 I 

CH-NH 


Pyrrolanthrone. 


1 ^er., 1885, 18, 75; 1885, 19, 1131; J. pr. Ghem., 1888, 38, 159. 
* R, A. L., 1901, [v], 10, ii, 85. 3 Per., 1910, 43, 439. 

^ Helv. Ghim. Acta, 1922, 5, 557. « J. G. S., 1923, 123, 224. 


« Bull, 1911, [iv], 9, 86. 
’ Ber., 1887, 20, 222. 
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They are obtained by condensing an a-cMoroantbraqiiinone with a salt of pbenylglycine, etc., 
in the presence of acetic anhydride ^ or of cuprous chloride and sodium acetate : ^ 


If 11 + ArNH-OHg-COOK 


/ /\ \ 


\A/\/ 

CO I 

COOH-CHa-NAr 
(Ar = Ph, o-COOH-CeH^*, a-OioH^.) 


CU 

oco 


COOH^C-— N-Ar 


1 : 4-Dichloro- and 1 : 4-aminochloro-anthraquinones may also be used. 


1 D.E.-P. 270789. 


2 D.R.-PP. 270790, 272613. 




CHAPTER VII 


(6)r |(3. /3) 

PYRIDINES, (6)M(2, a) 

N 

( 1 ) 

Introductory ; 

/. Ring-closure between nitrogen and carbon atoms : 

In the large majority of pyridine syntheses the ring is closed by elimination of HX from a 
compound of the type 

c— OX 
/NH, 

c— c/ 

where X represents XHg, halogens or ‘OH, etc. 

(а) X ~ NH^. — In addition to the Ladenburg sjmthesis of piperidine, several other methods 
are based upon the intermediate formation of a 1 : 6-diamine which by elimination of ammonia 
or amine is converted into a pyridine, a dihydropyridine or an cn-piperidone (sect. 1). 

(б) X = Halogen, — Gabriel and his pupils have prepared a number of piperidines from 1 : 5- 
aminohalides, and the same type of ring-closure has been used for the synthesis of a- and y- 
piperidones and of tetrachloro-cc-aminopyridine. The condensation of 1 : 6-dihalides with 
ammonia or amines seems to be less suitable for the preparation of piperidines, doubtless owing 
to the numerous possible by-products (sect. 2). 

(c) X = OR. — This group includes all the most important general methods. 

1 : 6-Amino-alcohols are converted at once into piperidines (sect. 3), and the ethereal oxygen 
in pjrrane derivatives is readily replaced by ‘NH* or 'NR* with production of pyridines from 
pyrylium salts or pyridones from pyrones (sect. 4). 

Synthesis involving closure of the ring, 

/C— COOR 

(R = H or alkyl), 



are very numerous. (3-Amino-acids 
of the type ' 


are readily converted by acid hydrolysis into imides via the amide-acid or -ester. These nitrile- 
esters are obtained usually from cyanacetic ester by condensation with- unsaturated esters 
(sect. 7) or wth itself or alkylated cyanacetic esters (sect. 8). Closely related methods have been 
devised by Guareschi and by Thorpe (sect. 9), in which cyanacetic ester is treated with ammonia 
or an a^e in the presence of a ketone. The Guareschi method gives excellent yields of 
dicyanoglutanmides (sect. 9). The ordinary methods for the preparation of glutarimides, 
glutacommides, camphorimides, etc., are described in section 6. 


and esters yield oi-piperidones (sect. 6), while y-nitrile-esters 

/C— COOEt 
^C— CN 
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/ 1 ammonia or primary amines to give fyridines or dihydrofyridines 

(sect. 12). In this synthesis, as in that from ^-aminoketones (sect. 13), the ring-closure is preceded 
by enolisation (with the exception of the example described by Haller and Ramart-Lucas, p. 216) 

and IS thus of the (5-amino-alcohol type. ;>-Keto-amides yield a-'pyridones on anhydrisation 
(sect. 13). 

To th^e same type (X — -OH) belong the various syntheses mentioned in sections 14-25, 
though , the final intermediate is not usually isolable in these cases. 

The aldehyde-animonia method (sect. 14) and the related methods from pyruvic acid (sect. 
14), from acylpyruvic esters (sect. 16) and from acid amides and ketones (sect. 16) lead to 
fyridines.^ The triacetonamiues (sect. 17) are y-pyridones, while the condensation of diaceton- 
amnes with cyanacetic ester diTiydro-cn-pyridones (sect. 18). The more drastic method 
of Riehm (sect. 19) converts ketones into 2:4: 6-trisubstituted ^yridines. Diketomperidines are 
formed by the addition of keto-ketens to Schifi bases (sect. 20). 

The well-known Hantzsch method (sect. 21) for diJiydfopyridines may be modified (sect. 22) 
so as to yield dihydro-a.-pyridones. The Gattermann-Skita synthesis (sect. 23) gives 2 : 6- 
dihydroxypyndme-3 : 5-dicarboxylic ester. 

^-Ammocrotonic ester (sect. 24) has been used for the synthesis of hydroxy- and dihydroxy- 
pyridines^ ^-cyano-cc-pyridones and various pyridine esters. 

A number of syntheses from ‘‘dinitriles” (acetodinitrile is the nitrile corresponding to p- 
aminocrotonic ester) are collected together in section 10.' These lead to (x.-aminopyridines, 

2 ; i-diaminopyridines, c^-pyridones and pyridines containing alkyl or aryl groups in the 2:4:6- 
positions. 

Oxalic ester supplies two of the pyridine carbons in Angeli’s triketopyrropiperidine (sect. 25). 

(d) Other types ^ of ring-closure between nitrogen and carbon.—ln Scholtz’s synthesis (sect. 26) 
pyridines are obtained by dehydration of the oximes of 5-aryl substituted ketones : 


/C=CH-Ar 




Another synthesis from oximes is that of Wallach (sect. 27), whose “ ^’sooximes ” derived from 
cycZopentanones are a:-piperidones. 

Ring-closure by addition of the ’NHg group at a 5-ethylene linkage (sect. 11) leads to y- 
piperidones. A similar intramolecular addition at the ’CiN group in 5-aminonitriles or y-amide- 
nitriles gives cL-aminopyridines (p. 199) or cc-aminopyridones (pp. 205, 206), while cyano-acids 
yield imides (pp. 193, 194). 


II. Ring-closure between a- and ^-carbon atoms : 

No simple pyridine has been built up by ring-closure in the a : /9-position, but this type is 
exemplified in Robinson’s synthesis of tropinone and in the preparation of an iminazolopyridine 
by an extension of a method generally used for isoquinoHnes (sect. 28). 

III. Ring-closure between f- and y-carhon atoms : 

Methods of this type (sect. 29) have been used for the preparation of 2 : i-dihydroxypyridines, 
y-piperidone and 1:2:3: Q~tetrahydropyridines {e. g. arecaidine), and in the anthraquinone series 
for dyestufis of the anthrapyridone group. 
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IV 7 Other methods , 


Pyridines are formed by tbe widening of tbe pyrrole ring (sect. 30) and by tbe reverse process 
from seven- and eigbt-membered ring compounds (sect. 31). 

Tbe oxidation of quinolines and other fused ring derivatives of pyridine (sect. 32) is useful 
for tbe preparation of certain carboxylated 'pyridines, especially as quinolines are frequently more 
easily accessible than pyridines. 

Tbe pyrogenous methods (sect. 33) are of small practical interest. 


1. From 1 :5-diamines : G 


/C— C-NHa 
!< /NHa 

\G— C/ 


Tbe usual ring-closure by elimination of ammonia occurs when tbe hydrochloride of a 1 ; 5- 
diamine is heated in HCl gas. It was by this method that Ladenburg ^ synthesised piperidine : 


prr ^GHaBr 


CHa<: 


.CH,-CN 


2^CH,-CN 


.OHa-CHa-NHa 

^^a^-CHa-CHa-NHa 


OHa<Qjj 


The 6w-immo-ethers of glutaronitrile undergo a similar ring-closure when treated with an 
alcoholic solution of a dialkylamine,® though alcoholic ammonia yields only the 6w-aniidine : 


CHa< 


.CHa-CN BOH+HCl 


2^CHa-CN 


> CHa< 


OK 

.0Ho-6:nh +nhr', 


2'^ch2-o:nh 




OR 


NR'a 

ch.<ch::^n 

i!rR' 


nTT^CHa-CTH 

'"^2<oh2-c:nh* 

NHa 

(R = Me, Et, -CHgCHMea; B' = Me, Et, Pr.) 

Stenhouse ® obtained deep violet hydrochlorides of mono-acid bases by the interaction of 
furfural, aniline and aniline hydrochloride (or toluidine and toluidine hydrochloride). The 
true nature of the products was discovered independently thirty-five years later by Zincke and 
MuJhausen,^ by Konig,® and by Dieokmann and Beck : ® 


CH C-CHO 

\/ 

0 


9H 

ArNH 


0 -OH. 

.CH 


]^r,HCl A'r 

(Ar = Ph, P-C7H7, p-ChCeH^, p-Et0-06H4.) 

; Ben, 1884, 17, 388, 513; 1885, 18, 3100; 1886, 19, 780; A'nn., 1888, 247, 5?. 
Piimer, Ber., 1890, 23, 2945. ® Am., 1870, 156, 199. 



Ben, 1905, 38, 3824. 


5 J. ’pr. Glm,., 1905, 72, 555. 


« Ben, 1905, 38, 4122, 
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The curious conversion of 3-cHoro-l : 2-diketoci/cZopentane into 3-chloropyridine by heating 
with ammonium acetate ^ is probably due to the intermediate formation of a 1 : 6-diamine : 


pHa^HCl 

io—co 


CHa 

/\ 

QH C-Cl 






CHa 

/\ 

CH C-Cl. 

iJ— tj 

\/ 

NH 


The (3-amino-amide (I) prepared by Traube, Johow and Tepohl ^ was found to undergo ring- 
closure when brominated either in water or acetic acid, the product being a piperidone (II) : 


CO — tCH- 
1 OH, 
-CH- 


-CO 


\nh. 


Br. 


co- 


0 - 




0 - 


—CBr 

CH, 


-CO 


(I.) 


CH CH. 

(H.) 


^HH. 


2. From 1 : 5-aminohalides or 1 : 5-dihalides : C<^ yNH, 

\c— c/ 

^ e-Chloroamylamine is converted at once into piperidine when liberated from its salts ® and 
\ similar ring-closure occurs in the case of other 1 : 6-chloro-amines> The method of preparation 
of the aminohalides is interesting : 

PhONa (OOOEt)sOIlNa 

ClCHj-CHa-CHa-Br >■ ClCH,-CH2-CH,-0Ph ^ 

(COOEt)2CB-CH2-CH2-CHa-OPh COOH-CHE-CHa-CHg-CHa-OPh 

CN-CHE-CHa-CHa'CHa-OPh (-|- PbS + 11,8 + 2 CO 2 ) 

NHaCHaCHE-CHa-CHa-CHa-CbHCl NH<^g2;C^>CHa. 

(E == H (Gabriel), Me (Funk), Et (Granger), C 3 H 7 (Giinther).) 


The alkaline hydrolysis of chloranil anilide leads to a pyridine derivative which is doubtless 
formed from an intermediate 1 : 6-aminohalogen compound.® The methylamide behaves 
similarly : 


CO 

/\ 

ClaO 0-Cl 
ClaCs^ .C-Cl 
CO 

Chloranil, 


CO 

/\ 

Cla9 fi-Cl 
ClaC^^C-NHE 

CO 


CO 

/\ 

ClaC fl-Cl 
OlaCH /C-COOH 

/he .. 


(E = Ph or Me.) 




CO 

/\ 

ci-q f^-ci 

Cl-iJs^^C-COOH. 


1 Hantzsch, Ber., 1889, .22, 2827. * Ibid., 1923, 66, 1861. ^ Gabriel, ibid., 1892, 25, 415. 

* Funk, ibid., 1893, 26, 2668; Granger, ibid., 1896, 28, 1197; Gunther, ibid., 1898, 31, 2134. 

® Zincke and Fuchs, Ann., 1892, 267, 6, 26, 42. 
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Sell and Dootson^ obtained 2 -aniinotetracbloropyridine by the action of PCI 5 upon 
^-hydroxyglutaramide : 

CHCl 

/\ 

CH^ CH^ 

C1*C^ CCKNH 
NH 


CHOH 
CO COOT, 


POl, 


-> 


\ 


H, 


91 

C 1 -/N-C 1 


or 


■k 


N 


•NHo 


d-Chloroamides also undergo spontaneous conversion into pyridine derivatives. Thus Leuchs 
and Splettstosser ^ prepared 6-hydroxy-2-piperidones by the action of ammonia or methyl- 
amine upon 5-chlorovalerolactone : 


CHa 
/ \ 
9Hxo 9H, 
Cl-CH, ^CO 


BNHj 


CHg “ 

/\ 

OH-9H 9H2 
Cl-CHg CO 

- 

(E = H or Me.) 


OH, 

' /\ 
OH-CH CH 2 

CH 2 00 

\/ 

NK 


The action of ammonia or primary amines upon 1 : 5-dihalogenated chain compounds gives 
P 3 rridine derivatives under suitable conditions. Fischer ® obtained piperidine- 2 : G-dicarboxylic 
amide from dibromopimelic ester and dry liquid ammonia : 


/CH 2 . 

9^2 9^2 

COOEf CHBr BrCH*COOEt 
+ NH 3 


CH 2 

QH 2 ^ 


NHaCO-OH 


CONH, 


\/ 

KH 
(17% yield.) 

Cone, aqueous ammonia at 125° leads only to cycZopentenedicarboxyhc acid : ^ 


OH, 


/ 
CHg 


v> 


COOEt-ClHBr (JHBrCOOEt 


CH 2 

- 2 HBr / \ 

^ ' VH 2 (fR, 

COOH-C=C-COOH 


V. Braun ^ obtained only a trace of iV-cyanopiperidine by the action of sodium cyanamide 
upon pentamethylene dibromide : 


CH 2 

/\ 

9 H 2 

BrCHg CHjBr 
+ NaaNCN 


CH 2 

CRn OH 

\/ 

N-CN 


2 > 


I J. G. S., 1900, 77, 233. 

* Willstatter, {bid., 1895, 28, 657. 


2 Ber., 1907, 40, 304. a Ibid., 1901, 34, 2543. 

^ lUd., 1913, 46, 1790. 
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but Luft ^ was more successful with 4-aimno-antipyiiu : 


CHa 

c]h\h2 

BrCHa 

+ NHa-C^i^Me 
CO NMe 

\/ 

NPh 


CHa 

CHa CHa 
N 

CO NMe' 

\/ 

NPh 

(80% yield.) 


Eing-closure may even occur in tbe case of secondary amines : ^ 


OHKgH::S + NH(CH,Ph), 


CHa-CHa CHaPh 




G— COH 


3. From 1 ; S-amino-alcohols ; 


< yj \u 

G— C 


/ 


■NH, 


Primary 1 : 6-amino-alcoliols appear to be incapable of existence in tbe free state. The 
reduction of y-acetowovaleric nitrile, for example, yields 2 ; 4-dimetliylpiperidine : ® 

. M nTT..-CH2-COMe -xr Na+ 


MeCH:CH*COMe 
+ NaOH(CN)-OOOEt 


„ nw^CHa-COMe 

^^^h<ch-cn 


amyl 

alcohol 


'hi nxr^CH,-CHMeOH 


2 J 


•myr /^TT 


A case of ring-closure with a secondary amino-alcohol is described by Lipp and Widmann,* 
who showed that the product of the action of formaldehyde upon 1 : 6-dimethyl-l : 2 : 3 : 4- 
tetrahydropyridine is l-methyl-3-acetylpiperidine : 


/CH:CMev 

CHaC >NMe 

\cil-ch/ 


/CHa-COMe 

CH2< /NHMe 

\ch,*ch/ 


HOHO 




COMe 

/CH-CHaOH 
CI-l2< /NHMe 

\CPL-OH/ 


CH 


(pOMe 
/CH-CHgv 
<; \NMe. 

'\CH/CH/ 


Even the tertiary amino-alcohols of this series show a strong tendency to ring-closme. 
V. Braun ® prepared 0-benzoates of the type ^3^ acting 


1 Ben, 1906, 88, 4046. 

® WoM and Maag, ibid,, p. 3280. 


^ Scholtz and Wolfram, iUd., 1910, 43, 2317. 

4 Ann., 1916, 409, 79-147. ® Ben, 1916, 49, 974. 
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upon bromoamyl benzoate with dimetbylamine, pyrrolidine and piperidine. The products were 
converted into quaternary piperidine derivatives on distillation : 


Br-ECHgls-O-COPh + NHRa 


0H2< 


CHa-CHa’O-COPh 

CHa-OHa-NRa 



= Me2, 


CHa-CH,- 

CHa-CHa— 


or 


CHa<, 


CHa-CHa^-vrp v. 
Ca-CH!>®^®2'O-G0Ph. 


CH2< 


CHa-CHa— 

CHa-CHa — ') 


4. From pyrones, etc. : C<^ NKgR 

8 

a- and j/-Pyrones are quite generally convertible into pyridines by the action of ammonia 
or primary amines. The first examples of this reaction were described by Ost,^ though the 
constitution of the products was only finally determined many years later by Peratoner : ^ 

(JMe 
,C=:( 

Pyromeconic acid. 

OH 


C0<^S^S&>0 


CO< 


OMe 

i=CH. 

ch:oh 


>0 


NH, 


CO<S™SS>NH 


OH 

„0 t^CH, 


.>0 

J 

6h dooH 

Hydroxycomenic acid. 


^ co<«^H m 

160 “ tj/ L 

OH COOH 

Hydroxycomemmic acid. 


How ® had previously converted comenic into comenamio acid, but did not realise the nature 
of the product. 

y-Pyridone is readily obtained by the action of ammonia upon y-pyrone : ^ 


no ch:ch. 0 


NH. 


C 0 < 


ch:ch 

ch:ch 


>NH. 


Although dehydracetic acid itself reacts abnormally with ammonia, giving lutidone (see p. 212), 
other related y-pyrones yield the corresponding y-pyridones. Thus the lactone of triacetic acid 
(prepared from dehydracetic acid and cone. H2SO4) is converted by NHg into 4 : 6-dihydroxy-2- 
methylpyridine : ® 

CO 


CO 

COOH-p^^CH-COMe ^ 
Me-C>^^CO 
0 


> 


DeTiydracetid acid. 


fiH CHa 
Me-C^^CO 

0 

Triacetic lactone. 


CO 

/\ 

fiH (pHa 
Me-C^^CO ‘ 
NH 

Dihydroxy-a.-^icoline. 


1 J. ft. Ghem., 1879, 19, 203; 1881, 23, 441; 1883, 27, 257; 1884, 29, 167. 

* iJ. A. Ij., 1902, [v], 11, i, 327; Zerdr., 1905, ii, 680; Qazz., 1911, 41, ii, 621, 625, 658. 
® Ann., 1851, 80, 65. * Haitinger and Lieben, Monatsk, 1885, 6, 320. 

® Collie, J. C. /S., 1891, 59, 617; Collie and Myers, 1892, 61, 721. 


FROM PYRONES 


189 


Benzoyldehydracetic acid also reacts normally with primary amines : ^ 

CO CO 

/■\ /\ 

gn gs-copii gn ch-copii 

piic^^6o 


Ph*Os^yCO 


0 ITO 

(R=H, Me, Et, O3H/, -OHMea, •C4H9, CHMea-CHg*, -CMeg, -CgHu, OHMeaCHaCHa*, 

Ph, PhCHa-, PhOHatoa-, 0-, m-, PliNH-, PhaN-, -OH.) 

a-Pyrones in a similar manner give a-p3rridones, e. g. conmalic acid is converted into 
6-liy'droxynicotinic acid by ammonia l 

^CH”COv ^CH— COv 

CHf )0 CHf >NR. 

\r!==CH/ ^ \o=:Ch/ 

COOH COOH 

Coumalic add. 

(R=H, Me, Ph.) 

The iV-amino-a-pyridone obtained by the action of hydrazine upon bromocoumalic methyl 
ester may react with a second molecule of the ester to give the N : N'-bis’pyridoTiQ : 

gOOMe 

CBr-CO. CB./ 


/OBr— CO\ 

cnf >0 

\g=CH/ 

COOMe 


>- 


CH^ 


G-- 
COOMe 


^N-NHa 
CH/ 


— ^ 


.c= 

=CH> 

'CBr 

-co^ 

,CBr— CO. 

>0= 

=0H> 






COOMe 

Duisberg’s synthesis of yj-lutidostyril from acetoacetic ester and ammonia ^ probably proceeds 
via -i^odehydracetic acid ; 

>CHa-OOOEt /.OH— CO. ^CH— CO. 

MeCO/ — > MeCf >0 — ^ MeCf >NH. 

, gSa-COMe ^OKCMe/ ^CHtCMe/ 

COOEt 

Some similar pyrone formation accounts for the conversion of /5-aminocrotonic ester hydro- 
chloride into 

/CH-CO. ^CH-CO. 

MeC^ \nH and MeC^ NlTH 
^CMeX/ \OH=C/ 

COOEt CHgCOOEt 

by dry distillation. ^ 

Baeyer and Piccard ® have shown that all pyrylium salts give pyridines with ammonia— 
slowly in the cold, and immediately when heated. E.g . : 

/CH-CMe.. ^CH-CMe^ 

MeCf >0-Cl . MeCf ^N,HC1. 

\CH:CMe/ ^ \CH:CMe/ 

A large number of examples of this conversion have been described by Dilthey and by Gastaldi. 

^ Petrenko-Kritsolienko and Sohottle, Ber., 1911, 44, 2826, 3648; Schottle, ibid., 19M, 47, 688, 1547. 

2 V. Pecbmann, Ber., 1884, 17, 2384, 2396; 1891, 24, 3144; Ann., 1893, 273, 164; £er., 1904, 37, 3829, 
3837 ® Ann., 1882, 213, 174; Moir, J. 0. B., 1902, 81, 116. 

*'CoUie, Ber., 1887, 20, 446; J. O. 3., 1897, 71, 299. « Ann., 1911, 284, 217. 
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The Mowing have been converted into pyridine derivatives by the action of ammonia, 
primary amines, hydroxylamine or hydrazines : 


I. y-Pyrones : 


3 

yCR- 

co< 

\CH= 

s 


2 

:CH 


>0 

CW 


Pyrone substituents. 


Amine. 


(y^Pyrone) 

(y-Pyrone-a-carboxylic acid) 

(Pyromeconic ethers) 

(Maltol ethers) 
(Pyro-oxymeconic ) 

(Comenic acid derivatives) 

(Chelidonio acid) 

(Triacetlactone) 

( Benzoyldehydracetic ) 


(Dehydracetic acid loith ammonia gives htidone. 


References. 






r Ammonia. 

6 





"[Aniline. 

34 





/•Ammonia. 

3 

— 

— 

— 

COOH ■ 

1 Ethylamine, 

I Aniline. 

3 

3 





iHydroxylamine. 

3 

r- 

— 

OMe 

— 

Ammonia. 

23 

i- 

— 

OEt 

— 

Ammonia. 

23 

1- 

— 

OMe 

Me 

Ammonia. 

23 

l- 

— 

OEt 

Me 

Ammonia. 

23 


— 

OH 

OH 

Aniline. • 

26 


OH 

— 

COOH 

Ammonia. 

1, 3 


OEt 

— 

COOH 

Ammonia. 

26 

1- 

OEt 

— 

COOEt 

Hydroxylamine. 

26 




1 

r Aniline. 

31, 34 

COOH 

__ 

— 

COOH \ 

1 Toluidines. 
4-m-Xylidine. 

31 

31 

Me 



1 

1 a-Naphthylamine. 

31 

— 

— 

OH 

Ammonia. 

13, 14 

Me 

— 

Me 

Me 

Ammonia. 

32 

Ph 

— 

COPh 

OH 

Amroionia, alkyl- 






amines, etc.* 

28 




• ( 

Ammonia. 

8 

Me 

COOEt 

COOEt 

Me i 

Methylamine. 

8 




\ 

Aniline. 

8 


6, 7, 16, 17, 21) 


(Coumalic acid derivatives) 


4 Jh— CO v 

II. ct-Pyrones: CH^ >0 

6 C 



Pyrone substituents. 

Amine, 

References. 

3~ 

4 5 





r Ammonia. 

4 

r~ 

— COOH 

— Methylamine. 

4 . 

1 


[Aniline. 

15 


— COOMe 

— Aniline. 

4, 15 

— 

— COOEt 

— Methylamine. 

30 

Cl 

— COOMe 

— Ammonia. 

22 



/■Ammonia. 

4 

Br 

« — COOMe 

J Aniline. 

4 



j Hydrazine. 

22 



ll-Aminotriazole. 

25 
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Pyrone svbsUtueMs, 


Amine, References. 


(woDehydraoetio) 

(Citmooumalio) 


COOEt ~ 

COOEt — 

— Me 
— Me 
— . -CHjCOOH 
GOOEt Ph 
COOMe PhCH,- 


Me Ammonia. 

Ph Ammonia. 

‘CHaCOOEt Ammonia. 


COOEt Me 


COOEt 

Me 

COOH 

•COOH 


*OEt 

COOEt 

Me 


[ Ammonia 
[Aniline. 
Ammonia. 
Ammonia. 
Ammonia. 


•CHjCOOH* Ammonia. 
Ph Ammonia. 

p-ClCgH*- Ammonia. 


^CH~CHv 

III. Pyrylium Salts : CH^ >0‘X 

4 \CH=:CH/ 


Substituents, 


Amine. 


References, 


2 

4 

6 





1 

r Ammonia. 

27 

Me 

Me 

Me ^ 

Methylamine. 

27 



1 

[p-Toluidine. 

27 




f Ammonia. 

27 

Me 

Ph 

Me "1 

1 p-Toluidine. 

27 

Me 

Ph 

Ph 

Ammonia. 

40 

Ph 

Me 

Ph 

Phenylhydrazine. 

33 




f Ammonia. 

35 

Ph 

Ph 

Ph -j 

[Phenylhydrazine. 

33 

Ph 

Ph 

p.aCeH4 

Ammonia. 

35 

Ph 

Ph 

p-BrC,H4 

Ammonia. 

35 

Ph 

Ph 

P-C7H, 

Ammonia. 

29, 35 

Ph 

Ph 

p.MeO-CeH4 

Ammonia. 

29 

Ph 

Ph 

p-Ph-CeH* 

Ammonia. 

29 

Ph 

Ph 

p-CioH, 

Ammonia. 

29 

Ph 

Ph 

3 : 4-(MeO)»C9H,- 

Ammonia. 

37 

Ph 

p-MeO-CaH* 

Ph 

Ammonia. 

29 

Ph 

P-OHC4H4 

Ph 

Aniline. 

36 

P-CIC.H4 

Ph 

P-CIC9H4 

Ammonia. 

29 

p-BrC«H4 

Ph 

p-BrCeH4 

Ammonia. 

37 

Ph 

P-C7H7 

P-C.Ht 

Ammonia. 

35 

P-CIC4H4 

P-C7C, 

P-C,H7 

Ammonia. 

35 

P-C7H7 

Ph 

P-C7H7 

Ammonia. 

29 

p-C,H, 

P-C7H7 

P-C7H7 

Ammonia. 

35 

Ph 

p-MeO-C8H4 

p-MeOCjH* 

Ammonia. 

29 

p-MeO-C,H4 

Ph 

p-MeO-C^Hi 

Ammonia. 

29 

p-MeO'OeH4 

p.MeOOeH4 

p-MeO-CeH* 

Ammonia. 

29 

Me 

p-MeO-C«H4 

p-MeOCaH* 

Phenylhydrazine. 

41 
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1 How, Ann., 1851, 80, 66. " Duisberg, ibid., 1882, 213, 174. “ Ost, J. pr. Chem 1883, 27, 257 ; 
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5. From y-dicarboxylic derivatives : CI<q + NHgR 

The imides of the glutaric and glntaconic series are readily obtained by the usual methods. 
Thus ammoninm glntarate when heated at 160-250° gives glutarimide : ^ 


.CHa-COONH^ 

^^2<oH2-COONH, 




The substituted glutaconic acids obtained from cyanacetic esters by Rogerson and Thorpe ^ 
were similarly converted into glutaconimides by distillation of their ammonium salts : 


^ ^^CR-C00NH4 
^CHR-COONH, 


^CR— COv 
MeCf >NH. 

\CHR-CO/ 


(R = H, Me, Et ; R' = H, Me, Et.) 

A convenient method in many cases is to pass dry NHg into the molten anhydride of the acid, 
allowing the water to distil ofE as formed. Winzer ® prepared camphorimide in this way : 


CHa— CH — CO 

I 

CK— CMe— CO 


0 


NH, 


CHa— 9H — COv 

I -nh. 


CHo— CMe— CO 




The esters of y-dicarboxylic acids are converted into imides by treatment with ammonia. 
E. g. Ruhemann ^ prepared several glutaconimides by this method : 


^CH-COOEt 

Cji-x 

"\CHR-COOEt 


_ ^CH— CO. 

^ ch/ \nh. 

^CHR-CO/ 


1 Bemheimer, Oazz., 1882, 12 , 281. 
3 Am, 1890, 257, 309. 


(R = Me, Et, PhCHa.) 

4 r ^ cY ^ 87, 1686-1713. 

yj. G. 8., 1893, 64, 259, 874; Ber., 1894, 27, 1272. 
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y-Amide-acids or -esters readily yield imides wlien lipa+Pfl i-hio ^ i. • . • 

for the preparation of fiT-snbstitnted imidea such as the glWaSflorTJ. “pir“^ 


®-^<c§.co>o 


PhNH, 


■> 


CMe <-CH2-C0 NHP]i 


heat 


-> 


CMe,<C^;CO>Npi, 


pf^^OHa-COOEt 

^^^CHa-OOOEt 


nh. 


TO 


OH>C<CH2-COOEt 


NH:C<g^;gO>NH. 

GhUazine. 


gintarimides by the action of heat or acetyl chloride upon glutar- 


^•HaCoH qooh 


Pfr ^CHR’COv. Tty . 

0>NAr. 


(R - H, Et ; Ar = Ph, /S-CjoHy.) 

Wiere R = Me only birdolecular anils were obtained ^ 

Ortrarmde, heated wth cone. H,SO„ is converted into citrarinic acid : = 


•KT-rr /CHa-CO-TOa 

m2C0*c(0H)<( ' 

^CHa-CO-KH, 


^CH-CG. 

COOH-Cf \m. 
^OK-CO/ 


The conversion of glutaronitrile into glutariroide « by dilute H 80 af 1 fin_9Aoo v • •, 

the intermediate formation of the diamide. EuheLnn aS Brorah^TeatM ^ 
glutaconic ester with HCI and obtained dicarbethoryglutaconi J™ ’ 


COOEt 

oh/ 

^9h-cn 

COOEt 


HOI 


COOEt 

^c-co. 

CHf \nh. 
^OH-OQ/ 
COOEt 


rOyano-acids are similarly transformed into imides via the amide-acid. Thus : « 


0HMe,-CH<°H2;C0OH 


HOI r 


CHMe2-CH<Q®2.g^^H ^ ^ C!HMe2-CH<^^2;^^>NH. 

ib..crits;i’S5n 

2 1®^™’ C. s., 1896. 69, 1476. 

» ® «rim “■ 1887. so. 2655. 

® Belirmaiiii and Hofmann IfiSA i*? opoi t> t Ihid., p. 209. 

« Bogert and EcoCH C S’ mt II 20 ’ 2of 799. 

Howies and Thorpe, Proc. G. 1899, 16, 104, o j, o. /S.,'^i9^'4f85^?756'^^’ 


194 


PYRIDINES 


obtained gliitazme-3-carboxylic ester and the corresponding triketo-componnd bj heating the 
appropriate cyano-acid at about 160° for ten minutes ; 


.CHa-COOH 

OOOEt 


COOEt 


(X==:0 or:NH, 


In certain cases it is an advantage to use ammonia in a less volatile form. Guareschi ^ 
obtained camphorimide by heating camphoric acid with urea at 126°, thiourea at 170° or 
ammonium thiocyanate at 200°. Similarly, Kuhemann and Sedgwick ^ used formamide for the 
conversion of dicarboxyglutaoonio ester into its inudo (ammonia breaks down the ester into 
malonic ester and aminomethylenemalonic ester) : 


COOEt 

/C-COOEt 

CHf + HCONHa 

\CH-COOEt 
COOEt 


COOEt 

^C~COv 

CH^ >NH. 
\CH‘CO/ 
COOEt 


These various methods have been applied to the preparation of the following imides ^ 

a = from ammonium salts. 

6 = from acid anhydrides and ammonia or aminos, with or without isolation of the amide-acid. 
c ~ from esters and ammonia, or from amido-estors. 
d — from diamides, nitriles or nitrile-acids . 

ReJertncM. 


Imide. 

a. 

b. 

f. 

dT 

Glutarimide. 

6 

13 


31 

Glutaranil. 

— 

13, 21 



a-Ethylglutaranil. 

— 

21 

— 



a-Ethylglutar-p-tolil. 

— 

21 




a-Ethylglutar- a-naphthil. 

— 

21 




a-isoPropylglutaranil. 

— - 

22 



|3 -f aoPropylglutaranil. 

— 

— 


27 

P-Phenylglutarimide. 

— 

26 

— 


Glutazine. 

— 

— 

8. 10 


Glutazine-3-oarboxylio ester. 

— 

— , 



oc : a-Dimethylglutarimidc. 

— 

28 



a : a-Dimethylglutaranil. 

— 

24, 30 



a ; a'-Dimethylglutarimide. 

20 

— 



a : a'-Dimethylglutaranil. 

— 

19 



a : a'-Dimethylglutar-p-tolil. 

— 

19, 21 

. — 


a : a-Dimethylglutar-a-naphthil. 

— . 

19 

. — , 


a : a-Dimethylglutar-p-naphthil. 

— 1 

19 


r— , 

a : (3-Dimethylglutarimide. 

— 

33 



a-Cyano-p -methylglu tarimide. 

— , 

— 

45 

>«»»• 

a-Cyano-(3 : y-diraethylglutarimide. 

— 

— , 

45 


Glutarimide-(3-acetamide. 

— . 


44 


a : a'-Dimethylglutar-p-tolil. 

, — 

21 




3 : 3-Dimethylglutarimide, 

— 

41 



3 : 3-Dimethylglutaranil. 

— 

22, 33 



a : a ; a'-Trimethylglutarimide. 

— 


36 

Camphorimide. 

1, 29, 39 

fl, 4, 11. 12, 17, 

\ 23, 32, 34 


— 

Camphormethylimide. 

— 

14 




Camphorethylimide. 

6 



— 

Camphorbenzylimide. 

— 

14 

— 

— 

1 Bull, 1888, [ii], 49, 299. 


» 1895, a 

8, 825. 






FROM S-AMESTO-ACIDS 


Jieferences. 

Aminooamphorimide. ~~T — — -■■ ■ 

wol’enohocamphorimide. 43 ^ 

Glutaconimide. ™ — ' 

♦a-Methylglutaconimide. — 9 

♦P-Methylglutaconanil __ Zq 15, 16 __ 

P-Methylglutaconimide. — 

P-Methylglutaconanil. ^ 

p-Metiiylglutacon-p-toli. __ — __ 

♦a-Ethylglutaconinaide. __ o7 — 

P-Phenylglutaconanil. ~ 15 

P>Piienylglutacon-p-tolil. ~ 

Citrazinic acid, — 

*« : P-Dimetliylglutaoonimide. qk — 7 o 

*a : P-Dimethylglutaconanil. — ’ 

*a : y-Dimetliylglutaoonaml. — 

*a-Ethyl-p-inethylglutaconimide, 35 — 

*a-EthyI-|3-methylglutaconanil. ~ -- 

a-Methyl-y-etliylglutaconaniL 40 ^ — 

♦a-Benzyl-p-methylglutaconanil. TT — _ 

a : y-Dioarbethoxyglutaoonimide, ^ — ■ 

a : a : (3-TriinethylglutaconaniI, _ 18 25^ 

• a : |3 : y-Trimethylglutaconimide. 36 __ ~ — 

a : p : y-Trimethylglutaconanil. — 

™ equivalent except where theZearbon carrieTtwo 

and Kamenski, Ann., 1882, 214, 247. 7 BerkmanZ anri 12, 281. e Wallark 

V. Peokmann, ^id., 1886, 19, 2694. ■> Eukemann, ibi/ 1887“2r7M^^'’ ^ ® and 

Guaresoki 1888, [ii], 49 299. Winzer, itk P- 2655 

63, 269, 874. w Jdem, Ber., 1894, 27, 1272. « Noves r ,„?y^®“ann, J. 0. 3., 1893 

mann and Sedgwick, Ber., 1895, 28, 826 la AnwArn n ®^2. is Ruke- 

P- 333- Auwers, ftiTw, 297 ZT-’’ *33*- 385 237. 

Oddo and Leonard!, Oazz., 1896, 26 i 405 423 24 T'' Perkin, J. C. S., 1896, 

Perkin and Tkorpe, J, G. i8., 1897, 71, 1186, 1189. ^4 kthemann and 30, 256! 

L Herrmann and Vorlander, Zentr., 1899, i, 730. 27 HoXe, rnu ^ Browning, tbtd., 1898, 73, 284. 

*8 Blaise, Bull, 1899, [iii], 21, 628. T^fel and EcksS 1899. 15. lot 

rend., 1902, 134, 1113. si Bogert and Eooles, J. A. O. S 1902 24 20 ’ ^^32 j Oamfl 

Chem. J., 1902, 28, 480. Blaise, Bull, 1903 Hiil 29 333 1098 ioqa Warren, Amer. 

343 su Baron, Eemfry and Thorpe, J. G. S 1904 85 174fi ’35 1903, 328 

87, 1686-1713. se Blaise and Courtot, Bull, 1906 mil 35 680 Thorpe, ibid., 1905] 

1 m!* Pomme, ibid., 1909, 370, 71^?’ 7^^’ sa and Schwab, Ann., 1906, 

_ Thole and Thorpe, ibid., 1911, 99, 2187, 2237. 4i Koknna Zentr 1^1^’ 9^’ ^237. 

Thorpe, J 0 8., 1912, 101, 1570, 1747. 43 Sandelin ^1913 ?qft’ Bland and 

Nickolls, J. 0. 8., 1922, 121, 1644. Hope and Sheld^ /wi^ p’2227 ' ■*' 


6. From S-amino-acids or esters : 

acyl derivatives are quite stabMorv"^ thXn* 

^ Ber., 1888, 21, 2235. 
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PYRIDINES 


iWovalerio acid from ben^oylpiperidine by oxidation aaid hydrolysis. The free base yiel* 
pSoIe when heated; its benzoyl derivative is only converted into benzoylpipendone by 

prolonged heating with acetic anhydride ; 


™ ZM.O, nH.-COOH f,TT ^oria-iiU'' H-rOPb 

°®""^C!H2-CHj-NHCOPh ^ 


acetic 

anliyd. 


,CH,~CO. 


Y 

.CHa-COOH 

^H2<CH2*0H2*NH2 




BenzenesulplioiiylpipeTidiiie gives similar results.^ ' , ■ . 

d Aminovaleric acid was also prepared by Gabriel 2 by the pbtliaHmide method, and its ethyl, 
propyl and benzyl homologues by Aschan ^ The amino-acids are converted into piperidones by 

disMation : 


, 00 . 


0aH.<co>N-[CHj]3-Br + NaCE(COOEt)j - 

NH,-0H,-CH:,-CH,-CHE-C00H — ^ 


C6H.<^g>N-[OH,]a-CE(OOOEt)j 
CHE-CO. 


Lipp and Widmann ^ employed a similar method, using acetoacetic ester in place of malonic 
ester. Piperidones have also been prepared from (5-amino-acids by Kscher and Zemplen ^ and 
by Fischer and Bergmann : ® 


m-NOo-CeHvCO-NH-LOHala-CHBr-COOH 


^2 

baryta 


m-NO2-06H4-CO-NH-[CH2]3*CH(OH)-COOH 


NH2-OH2-CH2-CH2-CH(OH)-COOH ^ CH2<qh^2^5_q^>NH. 


Similarly : 


Ph*S02’NMe*[CH2]4C00H — >■ !N'HMe*[CH2]4’C00H >- >NMe. 


a-Benzoylornithine (I) is usually accompanied by the corresponding lactam (II) : 


2 

. 7 


NH-COPh 
/OH— COOH 
CH/ xNH, 




CH2— CHa^ 

(I.) 


CH, 


/ 

2 \ 


NH-COPh 
CH CO 


CHj— CHa 

m 


NH 2 

/CH CO. 

NH CH2< >me. 

^CHa— OHa^ 

(III.) 


5-Toluenesulphonyl-a-benzoyl-ormthiue is also partially converted into lactam during the 
preparation. 6-Methyl-ornithine gives l-methyl-3-amino-2-piperidone (III) when warmed. 


^ Schotten and Schlomann, Ber., 1891, 24, 3687. ® Ibid., 1890, 23, 1769. 

»76«2., p. 3692; 1891, 24, 2443. * .dwt., 1915, 409, 143. 

» Ben, 1909, 42, 4878. « A%n., \m, 398, 1 10-1 14. 

’’ Thomas, Kapfliammer and Plaschentrager, Z, 'physiol. C/iem., 1922, 124, 75. 
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Traube, Johow and TepoH ^ observed the formation of 6-bydroxy-2-piperidone when the 
amino-lactone (IV) was heated, carbon dioxide being lost : 


C0-70H~C00H 




CH2 

-^CH— CH, 


(IV.) 


/ 


•NH, 


-00, 


/CH3- 


'CO 

OH / ■ Vh. 

OH 


The ethoxvmethylene-acetonedicarboxylic ester obtained by Errera^ is converted by the 
action of ammonia into a dihydroxypjncidine derivative. As the second ester group is unattacked, 
the reaction probably proceeds via the amino-ester rather than via the amide : 

cooEt r (jrooEt 

.c:cH-OEt I /C:cHv 

co<^ \nh« 


CO 


< 


CHo.OOOEt 


'CH,-COOEt J 


COOEt 
C=CH 


NH. 


Eeist^ extended to oxalacetic ester the Hantzsch pyrrole synthesis from chloroacetone, 
acetoacetic ester and ammonia. Very little of the expected pyrrole derivative is formed, the 
main product being 6(or 6)-methyl-2 : S-diketotetrahydro^sonicotinic ester : 


CHo-COOEt 

\ 

9 H 2 CI CO 
Me-CO + COOEt 
+ HH3 


CH-COOEV 

Pr\o 

MeC COOEt 


CH-COOEt 

/\ 

I^H CO 
Me*C CO • 

\/ 

NH 


When “ anilidopyrotartaric acid ” is heated it yields, in addition to citraconanil, a pyridine 
derivative, the formation of which is explained as follows by Heissert : * 


PhNH-CMe-COOH 

6h2-C00H 

Anilidopyrotartaric acid. 


PhNH-OHMe-COOH 
4- CH2(OH)‘COOH 




-0 


PhNH-OMe OH 2 

COOH CMe-COOH 
/ 

NHPh 


■ 

PhNH-pMe CH 

CO CMe-CO 

\/ 

NPh 


7. -From condensation products of cyanacetic or malonic ester with unsaturated 

* ^ .C— COOEt 

esters etc. : 


In this and the two following sections are grouped certain methods by which glutarimides 
and glutaconimides may be synthesised from cyanacetic or malonic ester. 


1 Bcr., 1923 , 56 , 1861 . 

» Ibid., 1902 , 35 , 1637 , 1646 . 


2 lUd., 1898 , 31 , 1682 . 

4 Ibid., 1888 , 21 , 1362 , 1380 , 1386 ; 1890 , 23 , 642 . 
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PYRIDINES 


Hermann and Vorlander ^ observed that sodio-malonic ester forms additive prodiJ^^^^ ^itb 
the amides of cinnamic acid, PhCHICH'CONHE, and that ring-closnre follov^s at once iP- ^^3^tain 
oases with the production of a jS-phenylglutarimide : 


,CH-CO-NHR 


/CHg-CO-NHE 

PhCH<: 

\CNa-COOEt 

COOEt 


/CHo-CO\ 

PhCH< 

^CHa-OO/ 


PhGH<^ 

NaCH-COOEt 
+ COOEt 

(R = HorPh.) 

Cyanacetic ester is more reactive than malonic ester in this respect. Perkin and ^ 

condensed sodiooyanacetic ester with /3 : /3-dimethylacrylic ester and obtained glutarijaai^^s by 
hydrolysis of the product with HCl or alcoholic KOH : 


Me, 


.0^ 


-h 


,CH*COOBt 

NaCH-GN 

COOEt 


Me,c/ 


CHa-COOEt 

\0Na-CN 

COOEt 


MeaC 


< 


CH,-COOEt 


9H-CN 

COOEt 


/CHa’CO- 

MeaC/ 

\CHa*CO' 




When sodio-methylcyanacetic ester is used, the sodio-derivative first formed is 


MeaC< 


CHNa-COOEt 

9Me-CN 

COOEt 


which may be hydrolysed to trimethylglutarimide (I) ® or may be methylated before hydrolysis, 
in which case the product is tetramethylglutarimide (II) : ^ 



p PHMe-CO. ™ 

Me2C<cjjMe-CO^™‘ 

(10 

(11.) 

The reaction has been extended to other unsaturated esters, the resulting glutarimides 

(ra),5IV,«V’andVI:8 



CH2<cjjMe-CO^^^ 

(III.) (R = H or Me.) 

(IV.) 

M®CH<^g|j-g.QQ>NH 


(V.) 

(VI.) 


Tighc and angelic esters, MeCHlCMe*COOEt, also condense readily with cyanacetic ester.® 

^ Zentr., 1899, i,’730. ® J. 0. S., 1899, 75, 53. ® Perkin and Thorpe, ibid., p. 64r. 

* Thorpe and Young, ibid., 1900, 77, 939. ® Howies, Thorpe and XJdall, ibid., p. 94,3. 

* Idem, ibid., p. 949. ’ Thorpe and Young, Md., 1903, 83, 356. 

® Carter and Lawrence, Proc. O. S., 1900, 16, 178. ® Blaise, Bull, 1903, [iii], 29, 332. 
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An interesting case has recently been investigated by Farmer : 


. 1 


■A 


OH:CH-COOEt 

CJHrCH-COOBt 


+ NaOH(CN)-COOEt — 


CH^-GHa-COOEt cono.H,sc; GHo-CHa-COOEt 
' >GH*GOOEt ^ 




9 H‘GN 

GOOEt 


\GH,-GO/ 


c?/cZoHexenylaeetonitrile is a tautomeric compound : 

/CHa-CHa. 

GH2< \G-0Ha*GN — GHa< )C:CH-GN. 

\r!TT-nTT<^ \GHa-GHa^ 


'GHa-GH^ 

(VII.) 


(vni.) 


With cyanacetamide it reacts in the semicyclic form (VIII), giving an additive product which, 
at once undergoes ring-closure, forming the iminopiperidone : 2 




CH-GONHa 

GN 


NH 

^GHa-a 
^2^CH*G0' 

GN 


GHa<n^nn>NH* 


Exactly similar behaviour is observed with c^cZopentenylacetonitrile,® 


8. From condensation products of cyanacetic esters with sodiocyanacetic ester etc. : 

GOOEt 

CONHa 


Thorpe has shown that cyanacetic ester condenses with its sodio-derivative to give an imino' 
cyano-glutaric ester : 


N:G- 


GHa-GOOBt 

^HNa-GN 

GOOEt 


nh:o< 


GHa-GOOEt 

CNa-GN 


GOOEt 


nh:c< 


CHg-GOOEt 

(pn-GN 

GOOEt 


Similar condensations occur with alkylated cyanacetic esters.* The products are converted by 
cold cone. H2SO4 into glutarimides and by hot cone. HOI into trihydroxypyridines : 


nh:c< 


OHa-COOEt 

^H-GN 

GOOEt 


HjSOj 
>. 



HOI 

^ 


nh:o< 


GHa-GOOBt 

CH-GONHa 

CJOOEt 



CO< 


CHa-GO 

OHa-CO 


>NH. 


NH:0<^gig^>NH 

GOOEt 


1 J. 0. S., 1922, 121, 2015. 2 Birch and Kon, iUd., 1923, 123, 2444. 

3 Of. also Thorpe’s synthesis, p. 203. 

* The intermediate sodio-componnd may also he alkylated in the usual way. 


PYRIDINES 


Baron, Eemfry and Thorpe i in this way obtained pyridine derivatives from 


ATTT.n^CHB-COOEt 


COOEt 


■vrxr'n^CJHMe'COOEt 

COOEt 


The trimethylated compound, 


(R = H, Me, Et.) 
/CMeg-COOEt 

nh:c< 

\9Me-CN 

COOEt 


failed to undergo ring-closure. 

The reaction was extended by Rogerson and Thorpe ^ to the condensation products of 
oyanacetic ester with acetoacetic and oxalaceuic esters and their alkyl derivatives, . 


/CHa-COOEt 

MeCO/ — > 

, CHo— CN 
+ ioOEt 

The nitrile esters used were of the following types : 


^CH-COOEt 

MeCf 

•\CH-CN 


COOEt 


^CR'COOEt (from acetoacetic esters.) 
(I). MeC^ 

\CR'-0N (R = H or Me.) 

COOEt (R' = H, Me or Bt.) 
{(x-Cyanoglutaconic.) 

^CR'COOEt (from oxalacetic esters.) 


( 11 .) COOEt-c/ 


‘ ' \CR'-CN (R = HorMe.) 

COOEt (R'=HorMe.) 

{a-Gyano-aconitic.) 

In both cases, cone. H 2 SO 4 brought about ring-closure, provided the a-position was not alkylated 
{i.e. R' must be hydrogen). Hot cone. HCl usually gave a mixture of imide and acid : 


Erom I 


From II 


/.CR— COv 

MeCf >NH + 

\CHR'-CO/ 


/OR-COOH 

\mTR/.nnr 


\CHR'-CO^ \CHR'-COOH 

,^0R— COv ^CR-COOH 

COOH*C^ >NH +COOH'Cf 

\CHR'-CO/ \CllR'-COOH 


hut in five cases, viz. : 

^CR-COOEt 

MeCf 

\qh*cr 


^CH-COOEt 

COOEt-Cf 

\CMe-CN 


COOEt-C^ 


CMe-COOEt 


\OH*CR \CMe-CN ^(pR-CN 

COOEt COOEt COOEt 

(R = Me, Et.) (R = H, Me.) 

no imide was formed. Alcoholic KOH converted all the nitrile-esters into imides. 

1 J. G. 8., 1904, 85, 1740, 1749, 1753, 1758. 2 Jbid., 1905, SI, 1685; 1906, 89, 631. 
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Bland and Thorpe ^ obtained /?-inetbyl-7-benzylglutaGonimide by the action of oobo. HCl 
or alcoholic KOH upon benzylated a“Cyano-/5-inethylglutaconic ester : \ 


9H2Ph 

.C-OOOEt 

MeCf 

\cH-cbr 

COOEt 


CHaPh 

.0— COv 

MeC^ >NH. 

\CH»-00/ 






The condensation product from cyanacetic ester and ethoxymethylenemalonic ester was 
converted into dicarboxyglutaconimide by Errera : ^ 


900 Et 
/E-COOEt 
EtO-CH^ . 

, CHNa-CN 

COOEt 


COOEt 

/C-COOEt 

CHf 

\0H-CN 

COOEt 


NaOH 


9 OOH 

\CH*C0/ 

COOH 


9. The Guareschi and Thorpe syntheses : C 




C— COOEt (or GONHa) 


\r! — I 


G— GONHo 


The Guareschi p 5 n:idine syntheses are of two types. In the first, cyanacetic ester is condensed 
with acetoacetic ester in the presence of ammonia and gives a glutaconimide : ® 


/CHa-COOEt 

MeCO/ + NH 3 

, CHa-COOEt 

+ iN 


^CH*000Et 

MeCf 

^CH-CONHa 

ON 


^CH-COv 

MeCf >NH. 
^CH-CO/ 

CN 


Instead of ammonia and the two esters, a mixture of acetoacetamide and cyanacetic ester or of 
acetoacetic ester and cyanacetamide may be used. The reaction has been extended to alkylated 
esters and primary amines, and Guareschi has in this way prepared : 

^CR-CO. /,CH-COv 

MeC< >NMe and 

\CH-CO/ 

CN 

(R = H, Me.) 


/GR-COs 

MeCf >NH 

\9H-00''^ 

CN 


PhCf >NH. 
\9H-co/ 

CN 


(R = H, Me, Et, C3H7, 

•CHMea, C 4 H 9 , 
•CHaCHMea, 
•CHaCHaCHMea. 
•CH2-0H:0Ha, 
OH-CHaOHa*, 
PhCHa-, 
•CHaCOOEt.) 

1 J. G. S., 1912, 101, 1743 


2 Ber., 1898, 31, 1243. 


8 Guareschi, J. 0. S., Abstr. 1897, i, 168; Zentr., 1896, i, 601; 1905, ii, 681. 
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PYRIBINES 


Guaresclii and Sabbatani ^ similarly condensed cyanacetic ester with propionylpropionic 
ester and ammonia or methylamine. The method is fully described by Euzicka and Fornasir,* 
who obtained an 85% yield of a-cyano-/5-methyl-y-ethylglutaconimide from ethylacetoacetamide 
and cyanacetic ester ; 

/CHEt-CONHa- ^CEt-GO. 

MeCo/ . Me-Cf >NH. 

, CHaCOOEt \(pH-CO/ 

■''CN ON 


Malonic ester cannot replace cyanacetic ester in these reactions. 

In the second type of Gruareschi synthesis, a mixture of cyanacetic ester and a ketone (or, 
less suitably, an aldehyde) is treated with alcoholic ammonia. The product gives a dicyano- 
glutarimide on acidification : 


(pN 


RK'CO + 


CHa-COOEt 


CHa-COOEt 


+ NH3 


ON 


(JN 

/CH-COv 

RR'C< >NH. 

\CH-CO/ 

ON 


The method originated in Guareschi’s observation ® ' that when a mixture of cyanacetic ester 
and ethylidene-acetoacetic ester is treated with ammonia, there is obtained, instead of the 
expected cyano-ester-imide (I), a dicyano-imide (II), together with a little dihydrocollidine- 
dicatboxylic ester (III) : 


(pN 

Mec/^ ^^NnH 

00^ 


(pN 

>h— 


-COv 


)OOEt 

(I.) 


Mec/ 

CO' 
ON 
(II.) 


MeC^ 


COOEt 

C CMe^v 

^N. 


XnTT.nTTMo/^ 


(pH-CHMe' 
COOEt 
(in.) 


The formation of compounds II and III must have been preceded by hydrolysis of the ethyfidene 
derivative. The acetaldehyde so formed condenses with cyanacetic ester (or its amide) under 
the influence of the ammonia present,* and the resulting glutaric ester (or amide) is converted 
into the imide. The small amount of coUidine derivative is formed by the ordinary Hantzsch 
reaction (see p. 227) from some of the acetoacetic ester. 

Similar products resulted from benzaldehyde, cyanacetic ester, acetoacetic ester and ammonia. 

Much better results are obtained, however, when ketones are used in place of aldehydes, 
and a variety of ^ : /9-disubstituted a : a'-dicyanoglutarimides has been prepared (see list at 
end of this section) : 

CpN ' CN 

CHa-COOEt /CH-COv 

RR':CO+ +NH3 — > RR'C< >NH. 

CHa-COOEt \OH-CO/ 

;CN- CN 


1 Zentr., 1897, i, 904. 

® Zentr., 1897, i, 927, 928; Quenda, ibid., i, 903. 


2 Helv. Ghim. Acta, 1919, 2, 343. 

^ Of. Knoevenagel, Ber., 1902, 35, 2392, footnote. 
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These products have special properties which make them useful in synthesis. They may be 
hydrolysed to ^ : ^-dialkylglutaric acids.^ They are easily brominated in the two a-positions, 
and the dibromo-compounds as readily lose their halogen on boihng with formic or acetic acid, 
yielding c^/cZopropane derivatives : ^ 


OH(C]Sr)-00 ™ ™ 

EE ^<oh(CN)-CO^™ ^ ^<nPr)n>j\.nn>NH 


CBr(CN)-CO' 




A curious property of the dicyanoglutarinudes is their tendency to pass into dihydroxypyridines 
by loss of EH,^ which recalls Eiehm’s syntheses (pp. 225, 263) : 


.C-C(OH). 

MeCf^ + EH. 

\c:c(0H)/ 

CN 

This reaction is, in fact, a convenient method for the preparation of pure ethane, propane, 
butane and hexane. Ammonia is passed into a mixture of cyanacetic ester and the appropriate 
ketone, E-CO-Me, and the gas evolved is collected over water or dilute acid. 

In the Thorpe synthesis cyanacetamide is used in place of cyanacetic ester and a trace of 
piperidine catalyses the reaction. The main product, however, is an imino-imide (IV), only 10% 
or less of the dicyano-imide (V) being obtained : ^ 


CN 

/CH-CO. 

MeCE( ym 

\9H*CO/ 

CN 


9N 

CHa-CO. 

EE'CO + ^NHa 

9H2-CN 
CONHa 


9N 

/CH — CO. 

- EE'C< >NH 

\9-c(:nh)/ 

CONHa 

9N 

yCH-CO. 

+ EE'C< \nH. 
^9H-C0/ 

CN 


(IV.) 


(V.) 


The reaction was further investigated by Thorpe and Wood ® and by Day and Thorpe,® who 
found that when aldehydes were used in place of ketones the amount of dicyano-amide (V) 
was still further reduced, the yield of imino-compound (IV) was very small and the main product 
was a dicyano-diamide : 


ECH< 


9N 

CH-CONHa 

9H-CONHa' 

CN 


1 Kon, J. a. S., 1921, 119, 818. 

® Guareschi and Grande, Zentr., 1899, ii, 439; Minozzi, Qazz., 1900, 30, i, 265; Ghiglieno, Zentr., 1910, 
ii, 806, 807 ; Guareschi, Oazz., 1918, 48, ii, 83; Birch, Grough and Kon, J, C. S., 1921, 119, 1320; Deshapande 


and Thorpe, ibid., 1922, 121, 1438. 

» Guareschi, Zentr., 1897, i, 927; Pasquali, ibid., i, 903,904; Grande, i6id., p. 903 ; Guareschi and Grande, 
ibid., 1898, ii, 644. * Thole and Thorpe, J. C. S., 1911, 99, 422. 

s Ibid., 1913, 103, 1586. ® Hid-, 1920, 117, 1465. 
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PYRIDINES 


The yields in both the Gruareschi and the Thorpe syntheses depend upon the nature of the 
ketone, E‘00‘K'. If R and R' are primary or secondary groups, both methods are satisfactory. 
If one group is tertiary, the Gruareschi yield is reduced and the Thorpe method fails. With two 
tertiary groups, both methods fail. Prom these results it appears that the two methods are, 
contrary to Thorpe’s suggestion,^ quite distinct. The Thorpe method leads to cis- and tmns- 


diamides. 

CN 

9N 


p ^ .CH-CONHa 
^2^<CH-C0NH2 

p ^ .CH-CONH, 
J^2^<CH-CN 


CN 

CONHa 


cis. 

trans. 


which give respectively the dicyanoimide { V) and the iminoimide (I V) . In the Guareschi method, 
on the other hand, cyanacetamide is formed, and condenses (as in the earlier Guaresohi synthesis 
from cyanacetamide and keto-esters) with cyanacetic ester and the ketone to give first an amide 
ester (VI) which at once undergoes ring-closure to the imide (V) : 


p rn 4- G/Ha'CCOEt 
EaOO + CHg-OONHa 

ON 


CN 

p n^CH-COOEt 
CN 

(VI) 


CN 
.CH-00. 
'OH-CO'- 
CN 




The Guaresohi and Thorpe methods have been applied to the following aldehydes and 
ketones : 



Beferences, 

OuarescJii 

Thorpe, 

Aldehyde or Ketone. 

method. 

method. 

Me-OHO 

1 

13 

Et-CHO 

— , 

13 

OsH/CHO 

— 

13 

Ph-CHO 

1 

13 

Me-COMe 

1, 2, 5, 14, 15, 19 

7 

Et-COMe 

1, 3, 4, 5 

7 

CaH/COMe 

1, 2, 6 



CHMea-COMe 

6, 10 


OiH.-COMe 

1,2 

_ 

EtCHMe,COMe 

10 

, 

CgHis-COMe 

1, 2, 5, 18 

, , 

PhCHa-COMe 

9, 10, 18 


PliCHaCHa-COMe 

9 

- - 

PhOHaCHMe-COMe 

10 

■ 

Et-CO-Et 

14, 16, 18, 19 

■ 

PhOHa-CO-Et 

9, 10 

. 

PhCHaOHa-CO-Et 

9 

— 

^ Kon and Thorpe, J. G. S., 

1919, 115, 686. 
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'Ryde or Ketone. 

Guareschi 

method. 

Thorpe. 

mdh^. 

PhCHa-CO-OaH, 

9 


PhCH^-COCHMea 

10 

— 

PhOHa-OO-CHaCHMea 

9 

_ 

cycZoPentanone. 

10, 14, 18 

11 

2-Methylc2/cZopentanone. 

10 . 

— 

cycZoHexanone, 

14, 16, 17 

7 

2-Methylc?/ci!oh6xanone. 

10 

8, 10 

3-Methylc2/cl!ohexanone. 

18 

4-Methylcycjlohexanone. 

18 

8, 10 

2 : 4-Dimethylcyc?ohexanone. 

10 

— 

Dihydrocarvone. 

10 

— 

Suberone. 

12, 14 

— 


References. 

^ Guareschi, Zentr., 1897, i, 927-928. ^ Pasquali, ibid., pp. 903-904. ® Grande, ibid., p. 903. 

^ Guareschi and Grande, ibid., 1898, ii, 644. ® Idem, ibid., 1899, ii, 439, 440. f Minozzi, Qazz., 1900, 

80, i, 265. ’ Thole and Thorpe, J. Q. 8., 1911, 99, 430. « Thorpe and Wood, ibid., 1913, 103, 1692. 

® Guareschi, Qazz., 1918, 48, ii, 83. Kon and Thorpe, J. G. 8., 1919, 115, 686. Idem, ibid., 

pp. 697, 701. Day, Kon and Stevenson, ibid., 1920, 117, 639. Day and Thorpe, ibid., p. 1469. 

Kon, ibid., 1921, 119, 818. Birch, Gough and Kon, ibid., p. 1320. Deshapande and Thorpe, 
ibid., 1922, 121, 1435. Kon and Thorpe, ibid., p. 1802. Birch and Thorpe, ibid., pp. 1826-1836. 
“ Birch and Kon, ibid., 1923, 123, 2447. 


c — c 

10. From ** dinitriles ” : C<^ /NHj 

\c— c/ 

Acetonitrile condenses with itself or with other nitriles in the presence of sodium or sodium 
ethoxide to form bimolecular additive products : 

CHs-CN . OHa-CN ^ CH-CN ^ 

+ R-C:K R-C:NH R-C'KHg * 

N ^ 

“ Dinitrile.^^ 

The properties and reactions of the “ dinitriles ” so prepared have been investigated by Holtzwart 
and especially by E. v. Meyer. 

V. Meyer 1 heated acetodinitrile with ZnClg, HCl or CgH^Bra and obtained a pyridine 
derivative. Similar products resulted from benzo- and j9-toluo-acetodinitriles : ^ 


NHa-C-R 


CN-OH 


% 


r.8” + ^ 




CH 

ON 


4-NH3 

C'R 

CN-fl CH 
R-C\ C;N 


CR 

CN-C CH 
r-Cs^^o:nh 
NH 


R 


CN- 

R- 


k 




NH, 


(R = Me, Ph, P-C7H7.) 

® V. Meyer, J. pr. Chem., 1914, 90, 1-52. 


1 Zentr., 1908, ii, 591. 
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The condensation is brought about, not only by the reagents mentioned, but also by anhydrous 
organic acids (cyanacetic, succinic, malic, glycoUic or hydroxywobutyric) at 140°. If the con- 
densing agent is not carefully dried, hydrolysis of the imino group occurs and the product is a 
pyridone (I). In the presence of alcohol an ethoxypyridine (II) results : 

C-R C-R CMe 

/\ 

CN-q OH CN-c qH CN-fj qs 

R-C CO R-0 C-OBt Me-C CO . 

\/ X/" \/ 

NH N NH 

(I.) (11.) (III.) 

This explains the formation of 6-cyano-4 : 6-dimethyl-a-pyridone (III) by the action of hot 
water upon acetodinitrile.^ Pyridones of type I are also produced by a very similar reaction 
when acetodinitrile or benzoacetonitrile is condensed with acetoacetic ester ; ^ 


COMe 

CN-fjH 

R-C. +COOEt 

Xnh^ 


CMe 

/X 

CN-q OH 
R-C. COOEt 

\nh. 


Me 

I 

C 

/X 

CN-q qn 
R-Cv .CO ■ 

m 


(R = Me, Ph.) 

Bruylants,® in studying the action of G-rignard reagents upon acetonitrile, observed the 
formation of acetodinitrile, the aminopyridine or the pyridone, according to the conditions 
of the experiment : 


CHaCN + RMgBr 


RH-|-NH:CMe-CH 2 -CK 

Dinitrih. 


CMe 

CMe 


/X 

CN-q CH _ 

> CN.q qn 

Me-C\^^C:NH 

Me-Ov .CO 

OT 

ra 

Aminopyridine. 

Pyridone. 


The later work of Rondou* suggests a different interpretation of the reaction. Benzyl 
cyanide when treated with Grignard reagents gives first a compound (IV) which may combine 
with more nitrile to form a diaminopyridine (Y) or the dinitrile (VI). The dinitrile is not 
considered to be the source of the pyridine derivative : 


PhCH,-0N 


N-MgX 

PhCH^ CHPh 

+ +11 

Ph0H,-0.v C:NMgX 


-> PhCH:c:NH 


RHgX 
— >- 




PhCH:c:N-MgX -f- R.H 

(3V.) 

NH, 

PhC<^ CPh 
PhCHa-fj^^^C-XH, 
(V.) 


1 Holtzwart J. 39, 329; Moir, J. G. S., 1902, 81, 100. a v. Meyer, he, cit. 

Bull. Acad, roy, Belg., 1922, [v], 8, 7. * Zentr., 1923, i, 87. 
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piiCH:c:N-MgX fhCE^-o:m _ 

+ P1i0H2-0N P1iOH-CN Pli-C-CN ' 

(VI.) 

No pyridine derivative is obtained in this way from propionitrile, EtCN.^ 

’A second method for the preparation of pyridines from dinitriles was also devised by v. Meyer.^ 
The dinitrile is condensed with an arylidene-acetophenone in the presence of NaOEt : 


CHAr CHAr 

\ /\ 

CN-CJHg UH CN-CH OE^ 

K-Qv + COPh ■ R-C^ COPh 


Ar 

+H, 

N 


(R = Me, Ph or p-C^E^. 

Ar = Ph, p-Me006H4-, 3 : 4:-CH2<§>C6H3- or PhCHICH.) 


Styryl p-tolyl ketone, PhCHIOH-CO'CyH,, behaves similarly with acetodinitrile. The reaction 
fails with benzalacetone, benzalcamphor and benzalpyrazolone. Gastaldi ® has thrown consider- 
able doubt upon the constitution of these products. He prepared 2 ; 4-diphenyl-6-methyl- 
pyridine. 


Ph 



from the corresponding pyryhum salt (see p. 191), and found it to be different from the product 
obtained by v. Meyer by hydrolysis of 


Ph 



followed by removal of COg. 

In E. V. Meyer’s general method for the preparation of dicyanodihydropyridines from 
dinitriles and aldehydes * a 1 : 5-diamine is obtained as an intermediate product : ® 

N 

H=CR'-NH2 

RCHO-f 

CH:=:CR'-NH2 
ON 

Dinitrile. 

Mohr condensed acetodinitrile (R' = Me) with benzaldehyde, anisaldehyde, w-nitrobenzaldehyde, 

3 IMd., 1908, ii, 591 ; J. pr. Chem., 1908, 78, 497. 

« Zenlr., 1908, ii, 691; J. fr. Chem., 1908, 78, 507; 1916, 92, 175. 


CN 

/C=CR'-NH2 

RCH< 

XnrrCR'-NHa 

CN 


CN 

C=:0R'v 

RCH< >NH. 

\C=0R'/ 

CN 


1 Baerts, Zentr., 1923, i, 86. 

8 Qazz., 1922, 62, i, 169, 305. 
® Mohr, ibid., 1897, 56, 124. 
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fiperonal and cinnamaldeliyde. With salicylaldehyde the yield was small, and the reaction 
failed with phenylacetaldehyde. 

Meyer in addition used formaldehyde and acetaldehyde and extended the reaction to 
henzoacetodinitrile (E' = Ph), which he condensed with formaldehyde, acetaldehyde, benz- 
aldehyde and o-nitrobenzaldehyde. 

The ketonio {ix. the ^-) ‘CO’ group in isatin (but not in sodium isatate— see p. 291) also reacts 
in this way with acetodinitrile ; ^ 


CH 9^ 

+ 20H:CMe-NH2 


-0„H, 


3N 
:CMe. 




9:CMe' 

CM 


Senary and Lowenthal ^ used a : /9-dichloroethyl ether, ClCHg'CHChOEt (which in many of 
its reactions behaves as ClCHa'CHO) in place of the aldehyde : 


ClCHaCHCKQEt) + 


9N 

ch:ce-nh2 


ch:ce-nh2 

CN 


ON 

i:cE. 

[< 

\9:cE/ 

ON 


C1CH,*CH<" ^NH. 


(E = Me, Ph.) 


Compounds of the /5-aminocrotonic ester type may replace the dinitrile. Thus Penary ® obtained 
4-chloromethyldihydrolutidinedicarboxync ester in 64% yield from dichloroethyl ether and /9- 
aminocrotonio ester in aqueous ammonia. Acetylacetonamine and benzoylacetonamine ^ give 
the diacetyl- and dibenzoyl-compounds : 


ClCH2CHCl(OEt) + 


X 

iH:CMe-NH, 


. X 

/dlCMe. 

ClCHoCHC >NH. 


\c:CMe^ 


i 


|H:CMe-NH2 
(X = -COOEt, -COMe, -COPh.) 

/5-Aminocrotonic ester itself is converted into a pyridine derivative by the action of POOL : ® 


COOEt 


CH-COOEt 


/ 

Med'v CMe-NHa 


POOJ, 


CO 

/\ 

fJH fJ-COOEt 
MeC. CMe-NH 2 
\NH, ' 


Cl 

I 


Me- 


N 


■COOEt 

■Me 


1 y. Walther, J. pr. Ghem., 1903, 67, 504. 2 1922 55 3429, 

® iiio!., 1911, 44, 489 ; 1918, 61, 669. « Ibid., pp. 676, 677 

6 MiohaeHs, ibid., 1901, 34, 2283; 1902, 36, 3166; 1903, 36, 616; Am., 1909, 366, 337. 
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Eing-closure by intramolecular addition at tbe double bond probably occurs in a number 
of pyndine sjmtbeses. Thus Mayer i obtained 1:2: 6-tripbenyl-4-piperidone by condensing 
benzalacetone (or acetone itself) with benzalaniline : ^ ^ ^ 


CH=:GHPb 
C0< ^Ph 

^CHg + PbCH-^ 


/CHrCHPb 

CO(( /NHPb 

\0H,*CHPli/ 


/CHg-CHPk 

co<( \npii. 

\0H,-CHPli/ 


Later be extended tbe reaction to other methyl ketones and to acetonedicarboxyhc ester. 
The benzal ^ ketone is probably first formed, benzaldehyde being suppHed by 

hydrolysis of the Schifi s base. The pyridine ring is then closed by two additive reactions : 


NPh 
.OHg , CHPh 
C0<; + .NPh 

^CHoR CEPh-^^ 


( + NHoPh) 

^ /CH:CHPh 

C0<^ NPh 

^CEgR + CHPh'^ 

.CHrOHPh 

CO/ /NHPh — ^ 

^CHR-CHPh/ 


/CHa-CHPh. 

CO< \NPh. 

^CHR-OHPh/ 


The same type of reaction occurs in Petrenko-Kritschenko’s synthesis of piperidones from 
acetonedicarboxyhc ester and benzaldehyde by the action of ammonia or primary amines 

Bill U • 


(j^OOMe 

no<^CHa + PhCHO_, 
+ PhCHO + 
COOMe 


(pOOMe 

C=:CHPh 

CO<(jjH;.cjjPh.-^NHR 


(pOOMe 

.CH-OHPh. 

C’0<(pjj.Qjjph>^- 

COOMe 


COOMe 

(R = H, Me, Et, Ph.) 

When benzaldehyde is replaced by cinnamaldehyde or furfural no piperidone is obtained but 
only the 1 : 6-diketone, ’ 

COOMe 

.CH-CO-CHa-COOMe 
" ^CH-CO-CHa-COOMe » 

COOMe 

wHoh camot be converted into a pyridine derivative (of. p, 210). Tbe reaction also faUs witb 
formaldehyde.^ 

The preparation of triacetonamine from phorone and ammonia ^ is a simpler example of this 
type of ring-closure. Hydroxylamine yields the iV-hydroxy-derivative : ^ 

— ^ CO<r'^^2*CMe2N. 


Phorone. 




(R = H or ‘OH.) 

^ Bull.f 1904, [iii], 31, 985, 2 1905 Fiiil 33 498 

1912 3684,' 3688, 3693; J. pr. Ohem 

T . V. * Buzioka and Fornasir, Helv. Ghim. Acta. 1920 3 806 ^ 

^aresohi, Ber., 1895, 28, Ref. 160. « Harries and Lehmann, Hid., 1897, 30, 231 2735 
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Pauly ^ applied tlie same method to benzalmesityl oxide . 

,CH:CMe2 


p^^CH’CMeg , ^TT 

^^<CH:CHPh + ^■‘^3 


C0<cH2.CHPh' 

(or isomer) 


■NH, 


Benzaldiacetonamine. 


Hydrogen attached to pentavalent nitrogen, as in the salts of the unsaturated tertiary amine (I), 
shows no tendency to addition at a suitably placed double bond. All attempts to obtain the 
piperidinium compound (II) were unsuccessful : ^ 


HHICHa 

^^2<CH2-CH2 

(I.) 




tM2<(.jj Qjj >JNme2A. 

(ID 


12. From 1 : 5-diketones : + NHgR 


Knoevenagel ^ divided 1 : 5-diketones into two classes, according as they were or were not 
convertible into dihydropyridines by the action of ammonia. Thus methylene&^sacetoacetio 
ester ^ and methylene6mcetylacetone ^ readily yield dihydropyridine derivatives : 


CH2< 


X 

.CH-COIde 


CH-COMe 

X 

(X = 


X 

+ NH3 CH2<^g>NH, 

X 

•COOEt or -COMe), 


whereas the corresponding ethylidene compounds do not. This difference was shown by Rabe ® 
to be due to the fact that those so-caUed 1 : 6-diketones which fail to give pyridines are really 
to be considered as cycldhexanojxol derivatives, 

X 

X 


‘‘ EthylideneJmcetoacetic ester ” is a mixture of the two isomerides, 


(^OOEt 

Ti. .CH-COMe 
COOEt 


and 


(JIOOEt 
,CH- 


■CO. 


“^ch<xs.cm,(o1;>ch.- 

COOEt 


1 Ber., 1899, 32, 2244. 3 Valeur and Luce, Bull., 1918, [iv], 23, 184. 

3 Ann., 1895, 288, 348. Claisen, Ber., 1893, 26, 2734; Knoevenagel, Ann., 1894, 281, 95. 

5 Claisen, he. cit.; Scholtz, Ber., 1897, 30, 2296; D.R.-P. 79863. 

« Ann., 1902, 323, 83; 1904, 332, 1. 

Rabe and Biilmann, Ber., 1900, 33, 3806 ; Rabe and Elze, Ann., 1904, 332, 19 ; cf. Knoevenagel and 
Klages, ibid., 1894, 281, 105. 
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The former yields dihydrocollidinedicarboxyHc ester; the latter, which predominS'bes? 
an imino-compound : 

(pOOEt COOEt NH 

COOEt COOEt 

Similarly, the so-called “ 1 : S-diketones ” from benzaldehyde and acetoacetic ester ^ or bemsoyl- 
acetic ester ^ and from acetaldehyde and benzoylacetic ester are not converted into dibydro- 
pyridines by ammonia and probably have the c^dohexanonol structure. 

Tbe ethylideneftisacetone prepared from dimethylpyrone by v. Baeyer and Piccard ® is, how- 
ever, a true 1 : 6-diketone : 


,CH:CMe 


CH-CMe, 


DH-COMe 


C0< >0-l-MgMeI — > MeCf >0-1 ^ MeC^ 

^CHICMe/ \CH:CMe'^ ^CHo'COMe 


H, + Pd /CHa-COMe nh,e ^CHICMe 


■> MeCHc^ 

\CH,-C0Me 


y Vy JLX • w±TX C V 

> MeCH< >NK. 

\CH:CMe/ 


(E = H, Me, -NHa.) 


Diphenacylacetic acid^ cannot exist in a cyclic isomeric form. It gives a dihydropyxidln® 
derivative by treatment with alcoholic ammonia ; 


C00H-CH< 


CHg-COPh 

CHg-COPh 


NH, 
>. 


C00H-CH<g|:^|^>NH. 


The free pyridine acid at once loses hydrogen when liberated from its ammonium salt ® and yields 
diphenyKsonicotinic acid. In this case, no ring-closure occurs when ethylamine, allylamine or 
aniline is substituted for ammonia. 

Rabe® obtained an iV-methyldihydropyridine from the condensation product of deaoxy- 
benzoin and benzalacetoacetic ester by the action of methylamine. Ammonia behaves similarly : 


(fOOEt 
/E-COMe 

PhCH^ — 

-f- PhCHa-COPh 

(E = H, Me.) 


COOEt 
, /CH-COMe 
PhCH< 

\CHPh*C0Ph 


NH,E 




COOEt 
n— CMe. 

PhCH< >NB. 

\0Ph:CPh^ 


Corresponding to the formaldehyde derivatives of acetoacetic ester and acetylacetone are 
the methenyl compounds formed from these ketones and orthoformic ester or chloroform. 


3- Hantzsch, Ber., 1885, 18 , 2585. ^ Engelmann, Ann., 1885, 231, 69, ® Ibid., 1914, 407 , 332, 

* Paal and Strasser, Ber., 1886, 19 , 3145. ^ Cf, Hantzscli, Ann., 1882, 215, 44. 

® Ibid., 1908, 360, 275. ’ Knoevenagel, ibid., 1894, 281, 74. 
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Pyridines are obtained from tbem by tbe prolonged action of aqueous ammonia— two to three 
days at 15° : ^ 


CH(0Et)3 + 


X 

iHg-COMe 

(pHa'COMe 

X 




X 

,(i*COMe 




OH-COMe 
X 

(X = -COOEt or -COMe.) 


X 

//d-CMe^x 

CHf 

\0:CMe/ 

X 


y-Pyridones are obtained by tbe action of ammonia or primary amines upon such 1:3:5- 
triketones as are capable of di-enobsation. Thus Conrad and Gutbzeit ^ prepared lutidone- 
dicarboxylic ester and its Y-metbyl- and Y-pbenyl-derivatives : 


COOEt 
CH-COMe 
COCla + Cu 

(^H-COMe 

COOEt 


C0<^ 


(E 


(pOOEt 

CH-COMe 

(pn-COMe 
COOEt 
H, Me, Pb.) 


Diacetylacetone similarly pelds lutidone itself : ® 


ENH, 


(pOOEt 

.CrCMe. 

C0< >NE. 
\(p:CMe/ 
COOEt 


p^^CHg-COMe ■ T^TT 

^^<CH,-COMe + 


pp .CHICMe. ™ 


Billow^ in this way prepared iV-l-triazolyl-lutidone from diacetyl-acetone and 1-amino-l : 3 : 4- 
triazole. Tbe conversion of debydracetic acid into lutidone by tbe action of ammonia at 120° ^ 
probably proceeds via diacetylacetone, Tbe yield is 67 % : 


COMe 

pp CH-CO Q 
■' COOH. • 


CO< 


COMe 

CH-COOH 

CH-COMe 

COOH 


,CH2-COMe 
'CHg-COMe 


P0<^6!H.CMe,,^-N-TT 


Eubemann® obtained 2 -pbenyl-6-metbyl-4-pyridonefrombenzoylacetylacetone and ammonia: 


C=CPb HaOBt /CHICPb. Bacon), 

/ CO< >0 ; 

COOEt \CH:CMe/ 

+ CHg-COMe 


^^^CHg-COPb 

"\CH,-C0Me 


/CH:CPb. 

CO/ >NH. 

\CH:CMe/ 


1 Claisen, Ber., 1893, 26, 2733 ; Ann., 1897, 297, 39, 71; D.R.-PP. 79087, 79863. 

2 Re?*., 1886, 19, 23. 

3 Feist, 1890, 257, 279. 

* Per., 1909, 42, 2488, 2493. 

, 5 Haitmger JfoMisA., 1886, 6, 106; Per., 1886, 18, 462; Sedgwick and Collie, J. 0. P;,..1896, 67, 399; 
Micbaelis and Holken, Ann., 1904, S31, 264 ; v. Peobmann and Neger, iUd., 1893, 273, 207. 

® «7. G. 8., 1908, 93, 1284. ’ 
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Tie formation of a pyridine by the action of hydroxylamine upombenzamarone is apparently 
hot a general reaction : ^ 


/CHPh-COPh 

PhCH< 

\OHPh-COPh 


+ NKOH 


/CPhrCPhv 

PhCH< >N*OH 

^CPhrCPh/ 


Benzamarme, 

Knoevenagel ^ extended the reaction to 


^CPh-CPlK 

PhCf 

\CPh:CPh/ 


.CHPh-COPh 

^^^•^^CH,-COPh 


and 


PliCH<CHPM^C.H,OMe(y) 

but where the terminal group is -CHg the product is a cycZohexenone oxime, e.g . : 


/CHPh-COPh 

PhCH< 

\ 9 H-COCH 3 

COOEt 


/CHPh-CPhx 
PhOH< ^CH. 

\CH 0/ 

j il 


COOEt NOH 

This seems to indicate that, as in the cases mentioned above, the so-called 1 : 5-diketone ” 
is really a c^/cZohexanone derivative. 

Knoevenagel concluded that a pyridine is only formed when at least three aryl groups are 
adjacent to the two ketonic groups. This rule does not apply, however, to the series of 1 ; 5- 
diketones obtained by Stobbe from cycZopentanone or c^/cZohexanone by condensation with 
benzalacetophenone, etc, : ^ 

CHAr Ar 

X 

(NHEtj) OH2 GH-CHg NH2OH I 
^ Ph-CO COCH2 ^ Ph 

\/ 

CH 2 


CHAr 

9H 

Ph-CO ^ 


CH2-0H2 
CO CH 2 
\/ 
CH 2 


-CH, 


Ar = Ph, CH2<Q>0eH^*,*p-MeO‘06H4.) 


N CH 2 
Diaryldihydro- 
pyrindene. 


/CHCOR 

13. From S-aminoketones, etc. : C<f /NH 2 

\G-C/ 

Primary aminoketones of the type R-CO-CHg’CHg-CHa-CHa-NHg pass at once into tetra- 
hydropyridines when liberated from their salts. Such 5-aminoketones have been prepared by 
G-abriel ^ by the phthalimide method : 

r*n poi. nn +o.h,+aioi, 

C6H4<^^>H-[CH2],-C00H ^ CeH,<gg>N-[CH2]4*C0Cl V 

^-PhthaliminovaJeryl chloride. 


-CO 


0«H,<g^>H-[CH2],-00-Ph 


HOI 


CH 


COPh 

-CH," 


^NHa.HCl 


alkali 
^ 


PIT 


^ Knoevenagel and Weissgerber, Ber., 1893, 26, 436. 2 ^nn., 1894, 281, 33; 1898, 303, 225. 

3 Stobbe, Ber., 1902, 35, 3973; J. pr. Chem., 1912, 86, 241. * Ber., 1908, 41, 2010. 
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!!^e corresponding metliyltetrahydropyxidine is obtained by condensing the d-pbtbaliminovaleryl 
cWoride with sodiomalonic ester and hydrolysing first with alkali and then with HCl.i 


C«^4<00>N*l^^E[2]4*CO*CH(COOBt)2 C6H4<^^>N.[CH2]4-C0*CH3 


PTT ATTr TTm 


> ch,<™=*>nh. 


The same ^ compoimd results more simply, but iu smaller yield, from the hydrolysis of 
>»-phthauniinoethylacetoaoetic ester : ^ 




9OOH 

nrr ^CH*COMe 

CH, 


,NH2,HC1 (+ COg). 


pie method has been applied by Gabriel ^ to the synthesis of y-coniceine, an alkaloid obtained 
first by Hofmann in 1885 from bromoconiine and alkali, and found in natural coniine by 
Wolffenstein ten years later : 


C.H.<gg>K-[Cm,.Br + NaCH<“-CB^ — > CA<Cg>N.tCHA.CH<™;4H, ^ 


CA<gg>S'.[CHj4-00-03H, ^ 

y-Coniceine. 


In Lipp s pyridine synthesis, d-bromoketones are condensed with ammonia or primary amines. 
Thus d-bromobutyl methyl ketone yields 6-methyltetrahydropyridine.* 


CH2< 


CHa-COMe nf. 
CHa-CHaBr 


> CH2< 


CHa-COMe 
CHa— CHa- 


NHa 


>CHa< 


CH=CMe 

CHa-CHa 


>NH. 


Methylamine gives 1 ; 6-dimethyltetrahydropyridine. Aniline behaves somewhat differently. 
The phenylaminoketone first formed is stable in the free state, but its salts are those of 
l-phenyl-6-methyltetrahydropyridine. On addition of alkali the phenylaminoketone is 
regenerated : ® 


CHa< 


CHa-COMe 

CHa— CHa 


-NHPh 


acid 

> 



alkali 


CHa< 


CH=CMe 

CHa-CHa 


>NPh,HCl. 


Eeduction of the salt to phenylmethylpiperidine prevents regeneration of the open chain 
compound. 


^ Gabriel and Colman, Ber., 1909, 42, 1243. 

® Ibid,, p. 4059. * Lipp, {bid., 1885, 17, 3284; 

® Idem, Ber., 1892, 26, 2190 ; An.n., 1896, 289, 173. 


^ Gabriel, ibid., p. 1242, 

1892, 25, 2190; Ann., 1896, 289, 198. 
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methyl- and 1 • 6 • e-tramethvHet/tT^^^*'* M- ^-propyl-derivatives. 5 ; 6-Di- 

y . , trimetliyl-tetraliydropj^idiiies were prepared by Sachs : 2 

+ NaCMe<^^^®, — ^ -RrmTn .mr^^COMe 


HBr 


■> 


'COOEt 
CHMe*COMe 


nrr ^^JJblMe-COM 

“‘^CH,-CH,Br 




BWCMe<-^Me^ 

-CMerCMe, 

1 ^ 2 " '-'-^■>-2 


RaOH 




(R = H or Me.) 

S^theses by Lipp’s method give, as has been seen, 1:2:3: 4-tetrahvdro-DvridiTip<? milpr 
and Eaimrt-Lucaa ’ prepared a d-chloroketone in which enolisation was precluM The product 
of the action of ammonia in this case was a 2 : 3 : 4 : 6-tetrahydropyridir: ^ 


PhCOCHMej -I- NaNH, -t- BiCH,OH,CH,Cl 
/CMe^'COPh s ,CMe2-CPlK 


undergo ring-closure in the presence of mineral acids. Kohler and Souther « 
condensed cyanacetamide with benzalacetophenone and obtained pyridine derivatives by the 
action or halogen acids or bromine upon the product : 

eHj-CONHj \(pH-C0HH2 

ON 




EOl 

^ 

or HBr 


/CHICPhv 

PhCH< >NH. 

CN 


The bromination product was a mixture of 


.CHBr'CPh^v 

PhCH< V 

^CH CO/ 

ON 


.CHBrOPhv 
PhCH< ^ 

^^B 
CN 


N* 

-CO/" 


N 


and 


/CBrlCPhv 

Pha< \nh. 




9 CO 




CN 


Kohler, Graustein and Merrill ® similarly condensed cyanacetic ester with benzalacetophenone 
and its p-chloro-derivative and converted the products into pyridines : 


PhCH^ 


CH-COAr 


, 0H2-CN 
^ COOMe 


PhCH<^ 


CH,'COAr 


HBr 


1 Ann., 1899, 304, 64. 

« J. A. C. S., 1922, 44, 2907. 


(pH-CN 
COOMe 

(Ar = Ph, p-ClCgH^.) 

2 Ber., 1899, 32, 61. 


. .CH:CAr. 
PhCH/ >NH. 

. ^CH-CO/ 
COOMe 


2 Ann. Ghim., 1917, [ixl, 8, 5. 
s Ibid., p. 2544. 

CHrCMe. 

* The non-formation of a quaternary salt, CHjd ^NMeoBr, is a further indication that the 

^CH^CH/ 

/CH:CMe. 

reaction proceeds via an aminolietone as formulated rather than via an e-hromo-amine, ^NH,. 
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Bromination converted tlie condensation product into 

/CH:CAr. 

COOMe 

Malononitrile behaves lihe cyanacetio ester.^ 

The conversion of pyromeconic acid into hydroxypyromecazonic acid by reduction of its 
wonitroso-derivative with SO2 is an example of the same t3rpe of keto-amide ring-closure : 2 


CO< 


•CO-OH 


ch:ch 


f>o 


HOH 


(standing) 


'['’o<ch;oto^™oh] 




SO3 


OH OH 

Hydroxypyromecazonic acid. 


Nitropyromeconic acid is similarly reduced by SOg or HI to pyromecazonic acid : ® 
OH NO, 


/(!p=C\ 
co< >0 
\ch:ch/ 

Nitropyromeconic acid. 


■ .CO-CO. 

C 0 < ^NHa 
\CK-CHO 


OH OH 

co/ \nh. 

\ch:ch/ 

Pyromecazonic acid. 


Errera’s synthesis of pyridones from cyanacetamides and ethoxymethylene-acetoacetic 
esters may also be included here : * 


EtO-CH^ 


COOEt 

,C-COMe 


NaOBt 


, E-CpH-CONHa 
CN 


The yield is only small ( 7 %). 


(jJOOEt 
^C-COMe 
CH^ /NHj 
\(jJE-CO/ 

CN 

(E = H, Me.) 


COOEt 
^C-CMe.. 
^ CHf 

^^E-CO^ 

ON 


^ Kohler and Souther, loc. cit. 

® Ost, J. pr. Ohem., 1879, 19, 203; Peratoner, E. A. L., 1902, [vl 11, i, 327. 

Ost, J. pr. Ohem., 1881, 23, 439; Peratoner, Oazz., 1911, 41, ii, 619 
* Errera, Ber., 1900, 33, 2969, 2971; 1901, 34, 3691. 
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14. From aldehyde-ammonia, etc. ; 


>G + C 

c/ 

+ c — c 


+ NH3 
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One of the^ earliest pyridine syntheses was that of v. Baeyer,i who by heating aldehyde- 
ammonia obtained “ aldehyde-collidine ” and from acrolein-ammonia a-picoline : 


^CHO 

CH3 , CHg + CHO-CHg 
CHg-CHO CHO 
+ NH3 


96 , OHO 

CHO CHrCHa 
+ NH3 


CH 


O' 


CH3CH3 


' Aldehyde-collidiney 



N 

a-PicoUne. 


Aldehyde-collidine was also prepared by Wurtz 2 from aldol-ammonia and by Kramer ^ from 
ethylidene dichloride and alcoholic ammonia. The reaction was extended to propionaldehyde- 
ammoniaA and to wovaleraldehyde-ammonia by Ljubavin,^ the products being “ parvoMne ” 
and “ valeritrine ” respectively. SchifE « obtained “ paraconiine ” from butyraldehyde. 

The constitution of the pyridine derivatives obtained from aldehyde-ammonias was elucidated 
by the investigations of Durkopf and his co-workers,’ Diirkopf considered that aldolisation or 
orotonisation first occurred, four molecules of acetaldehyde taking part for each molecule of 
ammonia; 


4GH3*0H0 2CH3-CH:CH-CH0 


/CHO 

fjH , ch:ch-ch3 

CHg-CH ^ CHO 
+ NH3 


CH< 


/'^•CHa'CHj 

N 


A careful study of the reaction has been made by Tsohitschibabin,® who has found evidence 
for no less than five types of condensation. These are ; 


(i) 


/CHO 

E-CHg , OHa-R 
R-CHaCHO CHO 

+ NH3 



1 Ann. Swpfl, 1867, 5, 94; Ann., 1870, 155, 281, 294; SchifP, Ann. Suppl, 1868, 6, 19; Vohl, Jahresher., 
1870, 807; Claus, Ann., 1871, 158, 222. 

2 Per., 1875, 8, 1196. 

® Ibid., 1870, A 267 ; see also Tawildarow, Ann., 1876, 176, 16. 

4 Waage, Manatsh., 1882, 3, 693; 1883, 4, 708; Hoppe, ibid., 1888, 9, 634. 

5 J. Russ., 1886, 5, 339 ; 1887, 6, 32. « Ann., 1873, 166, 88. 

’ Bsr., 1886, 18, 920; 1887, 20, 444, 1660; 1888, 21, 294, 832, 2707, 2713; 1890, 23, 685, 1110. 

8 J. C. S., Abstr. 1906, i, 461; 1916, i, 638; 1923, i, 1121, 1122, 1123. 
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Acetaldehyde, butyraldehyde and valeraldehyde (E = H, Et, Pr) give products formed according 
to this scheme, which is limited, however, to saturated aldehydes. 


(ii) 


yCm 

CH , 9H:CHE f^N-CHaE 

E-CH~^CHO 

+ NH3 N 


This is the scheme suggested by v. Baeyer (1870) and by Diirkopf and Schlaugk (1888), and 
applies to unsaturated aldehydes. “ Aldehyde-collidine ” is thus produced from acetaldehyde 
on account of the rapid crotonisation which takes place. 

9Ha-E 9HaE 

(in) E-CHs™ (JHj-E — > E-|^\e 

CEO + CEO \/^ 

+ NB3 N 


Acetaldehyde, for example, gives rather more y-picoline than a-picoline (scheme i), and y-phenyl- 
pyxidine accompanies the a-phenylpyridine from a mixture of benzaldehyde, acetaldehyde and 
ammonia. 


(iv) 


9 H 3 

CHO 

?H3 , 9 H 3 

^ CHO 
+ NH 3 


CHO-CH, 


K 


or 


4 


,CH 


CHICHR 


CHO CHO 

+ NH 3 


A": 




CHa-CHa 


A 

N 


R 

A'CH^R 

\A 

N 


A small amount of 3-ethyl-4-methylpyridine is obtained from acetaldehyde. 


(V.) 


/CH 3 

CHO CHO-CHg 

CH 3 OHO CHO-OHa 
+ NH 3 



This scheme accounts for the production of 2 : 3 : 6 -trimethylpyridine from paraldehyde and 
ammonia. 

Tschitschibabin showed that satisfactory yields of pyridine bases are conveniently obtained 
by passing the aldehyde vapour with ammonia over granular AgOa at 200-350°. The products 
are the same as when the reaction is performed in a sealed tube. Acetaldehyde and ammonia 
at 300° gave a 60% yield of mixed bases consisting of ; 
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a-Picoline (scKeme i) 28% 

7 -PicoHne (sclieme iii) 30% 

2-Metliyl-5-eth.ylpyridine (soheme ii) 33% (aldehyde-collidine) 

4-Metliyl-3-etliylpyridine (scheme iv) 6% 

The total jdeld from propionaldehyde was 40%, the products identified being : 




Et 

Me-/\-Me 

Et.g 

N 

Me'/\Me 

\/ 

N 

I 

, Me-/\Me 
and 1 1 

Parvoline. 

(60%.) 

(18%.) 

(Diirkopf and Gottsch’s 
second parvoline,) 


Schifl’s “ paraconiine ” from butyraldehyde is a mixture of a-propylpyridine (I) and a-propyl- 
piperidine, both due to the presence of acetaldehyde (scheme i) 


yCm 

CHg , VH3 
CgH/CHO ^ CHO 
+ NH3 


C,H, 


A 

MeaCH-ZN- 


CHMeg-GHg-l ^ 

N 

N 

(I.) 

(II.) 


CHMe, 


“ Valeritrine ’’ (II) is also formed according to scheme i. 

Pyridine itself is obtained by passing a mixture of acetaldehyde and acrolein over alumina 
(scheme ii) : 



+ NH3 


The formation of aldehyde-collidine when crotonic acid is heated with calcium chloride-ammonia 
at 225-230° ^ is probably due to intermediate production of acetaldehyde : 

CHg-CHICH-COOH CH3CHO + HCHO -f- CO2. 

According to recent patents ^ a 68% yield of aldehyde-collidine results when a mixture of 
paraldehyde and 10% aqueous ammonia is heated at 150-180°. If half the paraldehyde be 
replaced by formaldehyde the product is a mixture of equal parts of aldehyde-collidine and 
a-picoHne ; paraldehyde and acetone yield 2:4: 6-trimethylpyridine : ^ 


Me 
CHO 
, CHg 

Me-CO ^COMe 
+ NH3 



Me 


Me- 



^ Fichter and Labhardt, Ber,, 1909, 42, 4714. 
a E.P. 146869 (1917), D.R.-PP. 347820 and 349184 (1922). 
8 E.P. 147101 (1918); D.R.-P. 349267 (1922). 
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Other variations of the aldehyde-ammonia method may be mentioned briefly. Griyeerol 
phosphorus pentoxide and acetamide give a 20% yield of ^-picoline free from isomeride : i 


9H , 9h:ch, 

CHO ^ CHO 

+ NH3 




Me 

I 

a 


and 


The acetyl group plays no part in the reaction, but serves to “ fix ” the ammonia. Probably 
iirea would give the same result. HeseMel ^ extended the method to acetaldehyde and propion- 
aldehyde, which when heated with acetamide and PgOg at 160° gave respectively : 

C3H; 

/\Me. 

N N 

The structures assigned to these products are open to some doubt. 

Stohr 3 obtained a small amount of pyridine by distilling glycerol with ammonium phosphate. 
The addition of PgOg to this mixture gives ^-picoline in fairly good yield.^ Pyridine bases have 
also been obtained from glycerol by heating with ammonium sulphate, ^ ammonium chloride ® 
or zinc chloride-ammonia.’ 

To^tMs group of pyridine syntheses belongs also the preparation of “uvitonic acid” by 
Bottinger ® &om pyruvic acid and ammonia. The constitution of the product was elucidated 
by Altar.^ Part of the pyruvic acid loses COg, giving acetaldehyde, and in fact the addition of 
acetaldehyde to the mixture improves the yield of uvitonic acid ; 

9OOH 
CO 

903^3 

COOH-CO ^CHO-CHg 
+ NH 3 



N 

Uvitonic acid. 


de Jong 10 gives a slightly difierent explanation of the reaction. An aqueous solution of 
ammonium pyruvate after two or three days’ exposure to air is found to contain the amino-acid, 

9OOH 

CO 




/Ha 
CMe-COOH 

/ 

NHa 

1 Zanoni, Ber., 1882, 15, 528; Hesekiel, ibid., 1886, 18, 911, 3091. 2 Ibid p 3095 

® J. pr. Ohem., 1892, 45, 23. ^ Ladenburg, Ber., 1890, 23, 2688; Schwarz ibid 1891 24 

Storch, ibid., 1886, 19, 2466. « Etard, Compt. rend., 188i, 92, 460 795 ” ’ ' 

. fi, ‘ 13. 2032, 2049: 1881, 14, 67. 

ilwn., 1887, 287, 197. i2ec. cAzw., 1903, 23, 131, 
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wMch eventually passes into uvitonic acid. The change occurs more rapidly when ammonium 
■ pyruvate solution is boiled with excess of ammonia : 


COOH 
CO 
\ 

, CH3 

COOH-CO 


9H3 


COOH 


+ NH3 


CH 

COOH-CO 




COOH 
C 

fJH CH 

COOH-Cs^^CHMe ( + CO^) 
NH 


COOH 

CO 

Va 

CMe-COOH 

/ 

NHa 


COOH 


-H, 


COOH-l^^-Me 
N 


/C~COR 

15. From acylpyruvic esters, RGO-CHa-CO-COOEt : CO<; /NHo 

This is an extension of Bottinger’s uvitonic acid synthesis from pyruvic acid and ammonia. 
Mumm and Bergell ^ obtained a pyridine derivative by the action of ammonia upon acetyl- 
pyruvic acid (acetone-oxalic acid) ; 

9H3 

CO 

NIT. I \ 

CHgCO-QH ' 


2 CH 3 CO-CH,-CO-COOH 


or, more probably: 


2CH,*CO-CH,-CO-COOH 


n- + 

COOH-C. CO-COOH 

^NHg 


COOH 

CO 


CH3 

CHgCO-ZN 


COOH- 


■COOH 


N 


NH, 


CHsCO-^H 


\ 


COOH-C\ COMe 


9OOH 

CHgCO-ZN 

COOH-l ^-Me 

N 


The reaction was extended by Mumm and Hiineke ^ to the condensation of /J-aminocrotonic 
ester with acetylpyruvic ester and by Mumm and Bohme ® to other acylpyruvic esters : 


<fOOEt 

CO 

\ 

COOEt-fJH , 9 H 2 
Me-C\ CO-R 
\NH, 


COOEt 

COOEt-/N 

Me-i^^-R 

N 


(R = Me, Et, -CgH^, -CHMcg, -CMeg, Ph.) 

1 Ren, 1912, 45, 3041. 2 ML , 1917, 50, 1673. s 1921, 54, 726. 
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The yields are 80-90% of the theoretical. The /3-aininocrotonic ester may be replaced by the 
ammonia derivative of acetylacetone or of benzoylacetone : ^ 


COOEt 

CO 

\ 

E-CO*CH , CHa 
Me-Ci. + COMe 
^NPIa 

(E 


(fOOEt 


E-CO' 

Me- 


-Me 


N 


Me, Ph.) 

the yields here being 66% and 60% respectively. ^-Aminocrotonic ester fails to give pyridines 
when condensed with acetylacetone, oxalacetic ester or formylacetone. 


/CH + CO-R. 

16. From acid amides and ketones : R-CO-^ ^NH, 

+ CHCOR 

Pictet and Stehelin ^ have obtained alkylated pyridines by heating acid amides with ketones 
at 250-280°. The acyl group in this case takes part in the ring formation : 


E 

CO 

CHa \ e , 
E-CO ^CO-E' 
/ 

NHo 


E 


/ 


E- 


N 


•E' 


Acetone and acetamide (E = E' = Me) give only a small amount of trimethylpyridine, but the 
yield is better with acetophenone and benzamide (E = R' = Ph). Acetaldehyde and formamide 
(E = E' = H) fail to give pyridine, and from acetaldehyde and acetamide (E = H, E' == Me) 
very little a-picohne is obtained. 


/C + CORa 

17. Triacetonamines : C< ,NH„ 

\c-c/ 

The action of ammonia on acetone was studied independently by Heintz ^ and by Sokolov 
and Latschinov.^ The products are diacetonamine and triacetonamine : 

CO CO CO 

/\ /\ 


CH, CHs 

+ 

MegCO 


Me,C 


CH CH, 




^ Mumm and Bohme, he. cit. 

» Ann., 1874, 174, 144; 1875, 178, 305. 


9^2 CHs . 

*•- MegC. 

^NHs 

Diacetonamine. 

* Comp, rend., 1916, 162, 876. 

* Ber., 1874, 7, 1384. 
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CO 

9^2 CHg 
McaC +COMe2 

\ 

NHg 

Diacetonamine + acetone. 


CO 

/\ 

9H2 CH2 
MegC^^^COMeg 

Triacetonamine. 
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The yield of triacetonamine obtained in this way is only about l%,i but from phorone and 
ammonia much better yields result.^ On reduction, triacetonamine is converted into the 
corresponding secondary alcohol — an alkamine.® 

Thomae ^ from methyl ethyl ketone obtained an oxygen-free compound which was shown 
by Traube ® to be the imino derivative, 


NH 

1 I 

C 


CHa^HMe 

EtMe-Cv^^CMeEt’ 


and not EtMeC.N*OMeEt*N.CMeEt, as Thomae suggested. Traube prepared the piperidone in 
26 % yield in alcoholic solution : 


CO 

+ + 


CHaMe 


“>co co<“* 


+ NH3 


CO 

CH2 9 HMe 
EtMeCv^^CMeEt * 


The reaction even in alcohol is very slow and requires two to three weeks. 

In place of a third molecule of acetone a molecule of aldehyde may be used. Thus diaceton- 
amine combines with acetaldehyde to give vinyldiacetonamine,” ® which was shovTi by Fischer ^ 
to be entirely analogous to triacetonamine : 


CO 


/■\ 

CH2 CH3 

MeX OTO-Me 


CO 

/\ 

CH3 9H3 . 

Me^C^^^CHMe 
NH 

Vinyldiacetonamine.” 


1 E. Fischer, Ber., 1883, 16, 649, 1604; 1884, 17, 1789. 

2 Guareschi, ibid., 1894, Ref. 28, 160; Pauly, Ann., 1902, 322, 77. 

® Heintz, ibid., 1876, 183, 303; Fischer, he. cit.; Clarke and Francis, Ber,, 1912, 4, 2060. 
* Arch. Pharm., 1906, 243, 294, 393. 6 1908, 41, 777. 

® Heintz, Ann., 1877, 189, 214. 7 Xoc. cit. 
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Beiizaldehyde,^ wobutyraldeliyde, cinnamaldeliyde, amsaldebyde, nitrobenzaldeliyde and p- 
bydioxybenzaldebyde react with diacetonamine in the same way.^ The products give alkamines 
on reduction, and these are dehydrated readily to form “ acetonines ” — ^tetrahydropyridines ; ® 


CO 

Mea-Cs^^CHR 

Acetonamine. 


CH(OH) 

/\ 

CH^ 

Me2C>^^CHR 

NH 

Alhamim. 


CH 


CH, 


\ 


9 H 2 

CHR 


MegOs^j^ 

N 

Acetonine. 


The discovery of the hypnotic properties of the alkamines led to a large number of patents 
for the preparation of these compounds and their derivatives. The reduction of triacetonamine, 
vinyldiaoetonamine, benzyhdene- and piperonylidene-diacetonamines to the corresponding 
alkamines electrolyticaUy or by sodium amalgam or aluminium amalgam is claimed in D.R.-PP. 
96621-96623, 96639 and 96362. The two eucaines are benzoic esters of alkamines : ^ 



OH CN 

OH COOMe 

PhCO-O COOMe 

CO 

W 

\/ 

\/ 

C 

C 

C 

/\ 


/\ 

/\ 

CHa (jJHa > 

MejCs^yCMea 

' 9^2 9^2 - 

9 H 2 CH 2 - 

-> 9Ha 9Ha 

MegCs^^CMea 

MeaCs^^CMeg 

MeaCv^^CMca 

NMe 

T^-Methyltriacetonamine. 

NMe 


NMe,HCl 

a-Eucaine. 


CO 

/\ 

CH 2 

MegC^^CHMe 


CH-OH 

/\ 

VH2 ch^ 

MeaC^^^CHMe 

NH 


CH-O-OOPh 

/\ 

9H2 9H, 
MezC^^CHMe . 

NH,HC1 

p-Eucaine. 


Euphthalmine ® is the corresponding mandelyl derivative of iV-methyl-vinyldiacetonalkamine 
hydrochloride, 

King, Mason and Schrjrver® have prepared vinyldiacetonamine from diacetonamine and 
acetal in alcoholic solution. A yield of 90% is claimed : 


CO 

CH 2 CH 3 

MegCv^ + CHMe(OEt )2 


CO 

MeaC^^^CHMe 


^ Heintz, Am, 1878, 193, 62. 
‘ D.B.-PP. 90245, 97672. 


2 Antrick, ibid., 1885, 227, 365. 
6 D.R,-P. 95680. 


® Kscher, loc. cit. 
« E.P. 101738. 
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18. From diacetonamine and cyanacetic ester : ^^NHR 

T e condensation of diacetonamine with cyanacetic ester at 0° yields a dihydropyridone : 


COMe 
9Ha_, 

MegC^ COOEt 

NHa 


CMe 

•” 9*CN 


9H2 
MeaC^^^CO 

Yk 


^thyla^r wT in the presence of ammonia, » and 

beiaylaimne. ailylanune, camphylamine and ethylenediamine have been used 
mstead of ammonia for the production of iF-substituted derivati™.* 


19. From ketones and ammonia (Riehm’s method) : ^ 

^c-c/ ’ 


obt^edl^® ^ temperature in a sealed tube Riehm 

ODtained 2.4. 6 -trimetliylpyridine together with OH 4 . 

CMe 

}B. fJH I - OH. 

MegCO ‘ 60Me ' ~ 

+ NH3 

Acetophenone in the same way gave triphenylpyridine, which Engler and Heine s had earlier 
W Red^feb ammonia and P,Oj. The constitution of the product was confirmed 

in the pres^e'I^ 


^COMe 
CH3 CH, 

i( 


CH 

MeaCv^^CMe 

NH 



COPh 

9H3 "^CHg 
PhCO +pn^^® 


CPh 

(pH (pn 
PhC^ CMePh 

VcHoPh 


- NHa-OHa-Ph. 
^ 


■ CPh 

(pH CH 
PhC^^CPh ’ 
N 


-f NHaCHaPh 

+ NH(CHaPh)2 -h CH4 

The formation of 2 : 4 : 6-trimethylpyridine from dimethylacrylic acid, CMeo.'CH-COOH bv 
the action of zinc chloride-ammonia at 230° ^ is doubtless preceded by hydrolysis of the acid 

tO 3>C0t3OHG. 

« «■ 

® GuarescM, he. cit. 4 Ann., 1887, 238, 16, 17. ^ J a i? 187^ 9 q iaha 

7 Dilthey and Kiefer, ibid., p. 621. • • •» > > 

’ Jbicliter and Labbardt, ibid., 1909, 42, 4714. 
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20. From ketens : 

Ketens of the type EjjC.'CO form additive compounds with. Schifi bases in two ways. Usually 
the product is a d-lactam : 

Ph-CHOTh Ph<;!H-KPh 

+ Pli2C:CO PhaC— 00 

but with certain bases, especially with benzalmethylamine and benzalbenzylamine, a 2 : 4-diketo- 
piperidine is formed : ^ 

^00 00 
Mej-C CMej Mea-C'^^CMe^ 

PtCH^ljo Ph-& 6o • 

■^N-CHjPh VcH^Ph 

A 2 : 6-isomeride is also produced at the same time in small quantity : 

^OMea CMea 

00 

PhCH yo do • 

'^N-CHoPh 


^•^aPh 


The keten, 00:OPh*OOOMe (which is not generally included amongst keto-ketens), forms a 
2 : i-diketopiperidine with benzophenone anil : 

00 CO 

COOMe-cIh m-COOMe C00M^° <j^OOMe. 

p^o. 00 PhjOs^^io 

^NPh NPh 

The spontaneous decomposition of cyanoacetyl chloride at 0® yields a pyridine compound which 
may be regarded as derived from cyanoketen : * 


CN-GHa’COOH — > ON-CHa-COCl {qm^Mive) ^ 

+ C0:0H \0O-0H/ I ^00-(j)H/ 

ON ON ON 

An alternative explanation involves the addition of *0001 at a 0:N linkage 


ON-CH:00 + HOI 
.O-OH. 

N^ ^O-OH 

?)H ^N 


^Vooci 

+ OlOO-^Ha 
ON 


^C-OHax 
N'^ >0 

CIOO-OH/ 


^C-CHav 
W >C0. 

\CO-GH/ 

ON 


1 Staudinger, Ann., 1910, 374, 26, 36; Ben, 1917, 50, 1041. 
* Scliroeter and Seidler, J. pr, Ghem,, 1922, 105, 166. 
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21. Hantzsch’s method (acetoacetic ester etc. an aldehyde and 

.CH-COR 
ammonia) : C<( nH^ 

^c— c/ 


COMe 

COOEt-CHa 
-fMe*CH(OH) + 

\h2 


OHa-COOEt 

COMe 


CMe 

COOEt-CH\-COOEt 
Me-CH CMe 


Y 


reaction to other aldehydes soon showed, however, that the radical 
of the aldehyde molecde takes the y- not the a-position,2 and the reaction was figured thus : 


R-CH(OH) 


COOBt'CHa 

MeCO 


+ 


+ 


OHa-COOEt 

COMe 


COOEt-0 


CHR 


NH, 


fJ-COOEt 
MeC CMe 

\/ 

NH 


The actual mechanism of the reaction was fiist suggested by C. Beyer ^ and confirmed by 
Knoevenagel, who showed that ^-aminocrotonic ester and (to take the case of acetaldehyde^ 

Foducts readily condeaee to "gii 


MeCHO 

COOEt-CHa (^HaCOOEt 
+ MeCO + COMe 

+ NH3 


CHMe 

COOEff^H \cOOEt 
MeCv + COMe 
^NHa 
CHMe 

COOEtC^^(pH-COOEt 
MeC^^ COMe 
NHa 


CHMe 

COOEffj'^^C-COOEt 

MeCv^^CMe 

NH 


* Ber ., 1891, 24, 1662. t 75, 733 
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As by-product tbere is obtained tbe y-diketone (or cycldhexmolonej see p. 210) : 

COOEt (^OOEt 


MeCHO -f- 2CH2<CQQ|jjg 


M riTT^CH’COMe 

MeCH<njj.QOMe MeCH<(pjj 


COOEt 


COOEt 


Wken benzoylacetic ester is substituted for acetoacetio ester the y-diketone is the o^y product. 

Kuoevenagel ^ showed that the three components may be combined in several different ways 
before condensation, and so long as the intermediate formation of ^-aminocrotonic ester and of 
an alkylidene- or arylidene-acetoacetic ester is not precluded, the reaction proceeds normally 
with the production of a 4-substituted dihydrolutidinedicarboxylic ester. The different methods 
of presenting the components hre : 

(а) 2 mols. acetoacetio ester 

+ aldehyde -f ammonia. 

(б) 2 mols. acetoacetio ester 

-f aldehyde-ammonia (or, in the aromatic series, a hydrobenzamide). 

(c) 2 mols. j3-aminoorotonic ester 

+ aldehyde. 

(d) acetoacetio ester + alkylidene- or arylidene-acetoacetic ester 

-j- ammonia, 

(e) ^-aminocrotonio ester 

-f- alkylidene- or arylidene-acetoacetic ester. 

It will be observed that the aldehyde must noi be in combination with both molecules of aceto- 
acetio ester (see 1 : b-diketones, p. 210). /?-Aminocrotonic ester may, of course, be used in place 
of acetoacetio ester in any of the above combinations. The relative yields are seen from the 
following figures for the preparation of 

CHPh 

COOBt-C^\*COOBt 
Me-C\^^C’Me 

m 

given by Knoevenagel : 

Benzaldehyde -f 2 mols. /9-aminoorotonic ester at 100° 

Benzaldehyde -f- acetoacetio -f- /9-aminocrotonic ester at 100° . 

Hydrobenzamide acetoacetio + /3-aminocrotonio ester at 100° 

Benzalacetoaoetio ester -f /9-aminoorotonic ester : 

at 16° (48 hours) 

at 100° (1 hour) . 


i^uantitative 
. 85% 

. 80% 


75% 

75% 


1 Ber., 1898 , 31 , 738 . 
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In Michaers modification of the Hantzsch synthesis one of the molecules of acetoacetic ester 
18 replaced by an additional molecule of acetaldehyde. i The mechanism is precisely similar : 


MeOHO 

COOEt-CHg OHa 
+ Me’CO +CHO 

H-NHa 


CHMe 

COOEt-pH 


+OHO 


CHMe ■ 

COOEt-fj'^^CHa 
Me-Cv CHO 


CHMe 

cooEt-(:]'^^:^H 

Me-Cv^^CH* 


T^e product in this case very readily loses two atoms of hydrogen and gives 2 : 4 -dimethyl- 
nicotimo ester. Knoevenagel similarly condensed benzalacetoacetic ester with desoxybenzoin 
and ammonia : ^ 


PhCH 

COOBt -0 , CHaPh 
Me-CO + COPh 


PhCH ■ 

COOEt(:|H f^-Ph 
MeCv + COPh 

\nh. 


CHPh 

COOBt-q^\|Ph 
Mebv ^CPh 


The reaction was further extended by Knoevenagel and Ruschhaupt » to /?-diketones and their 
ammonia derivatives. Thus benzalacetylacetone condenses with acetylacetonamine to give 
4 -phenyl- 3 : 6 -diacetyldihydrolutidine : 


CHPh 

MeCO-CH \-COMe 
MeCs COMe 
^NH, 


CHPh 

MeCO-q'^GH-COMe 
MeCv COMe 


CHPh 

MeCO*q^"^q*COMe 

MeCv^^CMe 

NH 


^-Aminocrotonio ester and benzalbenzoylacetone give, in 40 - 60 % yield, the corresponding 
dihydropyridine : 

CHPh CHPh 


COOEt-CH \-COMe 
Med. + COPh 
^NH„ 


COOEt-q'^'^q-COMe 

MeCs^^CPh 

NH 


Here, as in other condensations of benzalbenzoylacetone, the PhCO* rather than the MeCO* is 
the reactive [i.e, the enolisable) group, and hence Ph and not Me appears in the a-position in 
the product. 

An examination of the mechanism given above for all these reactions suggests the possibility 
that some cases might be found in which the acetonamine or aminocrotonic ester reacts in its- 
imine form, 

R-CHg-CMerNH. 

If the nitrogen atom carries a methyl (or other) group the intermediate product can nc 
longer undergo ring-closure. Knoevenagel^ has recorded cases of this kind. Thus ) 8 -methyl- 

^ Ser., 1886 , 18 , 2020 . * Ann., 1894 , 281 , 74 . » Ber., 1898 , 31 , 1026 . « Hid., 1903 , 36 , 2185 - 2189 ^ 
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.aminoorotonic ester forms no dihydropyridine derivative when condensed with ethylidene- or 
i)enzal-acetoacetic ester : 

CHE CHE 

COOEt*OHa \cOOEt COOEt*(pH (j3H*COOEt . 

{E = Me, Ph.) 

Acetylacetonemethylamine condenses normally with ethyhdene-acetoacetic ester, 

CHMe CHMe 

MeCO'CH ^^OOEt . ^ MeCO'f] j:j-COOEt 

MeCv + OOMe MeCv COMe MeC. .OMe 

\NHMe \NHMe 

but with benzalacetoacetic ester it forms only the additive product : 

CHPh CHPh 

MeCO-OHa ^-COOEt . MeCO-OH^CH-COOEt 
__ 1 4- 1.,. (J^oMe 

^NMe 


NMe 


MeC^ + ioMe 
^NMe 


In the following list of pyridine syntheses by Hantzsch’s method the three components are set 
out separately, but it is to be understood that these may be employed in any of the combinations 
mentioned by Knoevenagel (see above). 


^-Keto-ester, etc. 


*2 mola. of acetoacetio ester. 


2 mola . of benzoylaeetio eater. 

2 mola. of aoetylacetone. 

2 mola. of benzoylaoetone. 

JL mol. of acetoacetio ester with 
1 mol. of acetaldekyde. 

1 mol, of desoxybenzoin. 

1 mol. of aoetylacetone. 

1 mol. of benzoylaoetone. 


Aldehyde, ECHO. 
H-OHO 

Me-CHO 

Et-CHO 

OHMeg-CHO 

CHMeg-OHa-CHO 

Ph-CHO 

jn-NOa-CgHi'CHO 
p-MegN-CeHi-OHO 
PhCH:CH-CHO 
Furfural 
1, Acrolein 

MeCHO 

JMe-OHO 

\PhCHO 

Ph-CHO 

’ Me-CHO 
Ph-OHO 
rMe-OHO 

\Ph-OHO 

Ph-CHO 


Amine. 

fNH, 

iNHgMe 

JNH* 

iNHgMe 

NH* 

NH, 

NHs 

fNH, 

tNH,Me 

NHj 

NHs 

NHs 

NHs 

NH, 

fNH, 

\NHsMe 

/NH, 

\NH,Me 

NH, 

NH, 

NH, 

NH, 

NH,Me 

/NH, 

tNH,Me 

NH, 


References. 

10, 12, 13, 16 
4,6 

1, 2, 3, 6, 11. 14, 17 
6, 18 
8 
8 
8 

6, 11, 14 
18 
9 
19 

7 

17 

8 (fails) 

11, 14 
11 

16 

16 

16 

18 

6 

12 

18 

15 

18 (fails) 

18 
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<»?7. 18 Knoevenagel, Ber., 1903, 36, 2180-2190. i» Hinkel and Ctemer, J. 0. 8., 1920, 117, 137. 


22. From p-aminocrotonic ester etc. with malonic ester and 

NHg 


aldehydes: 


This modification of the Hantzsch synthesis was introduced by Knoevenagel and Fries, ^ 
who substituted malonic ester for one of the molecules of acetoacetic ester. Thus /d-amino- 
orotonio ester and benzalmalonio ester give a 76% jield of the corresponding dihydropyridone. 
EthyHdenemalonio ester reacts similarly : 


OHR 

COOEt-jZJH ^-COOEt 
MeCv^ + COOEt 
NH, 


CHR 

COOEt-p^"^(^H*COOEt 
MeCs^ COOEt 

(R = Me or Ph.) 


CHR 

COOEfC^^CH-COOEt. 

Mebs^^CO 

mi 


Cuminalmalonic ester is hydrolysed and only a quinoline is produced.^ 
Benzoylacetonamine reacts normally with ethylidenemalonic ester : ® * 


MeCO'l 

Phi 


CHMe 

% 

3H . p-OOOEt 


+ 

'\ 

NH 


COOEt 


CHMe 

/\ 

MeCO-p pH-COOEt. 
PhC^^CO 

NH 

(60-70% yield.) 


In the case of acetylacetonamine only the additive product is formed, no ring-closure taking 
place : 

CHMe CHMe 

/\ 


MeCO-pH 

MeC 


\ 


+ 


p-COOEt 

COOEt 


MeOO*p 

MeC 


CH-COOEt. 


NH, 


COOEt 
NHa 


Malonic ester itself reacts rather differently with jd-aminocrotonic ester (see section 24). 

1 Ber., 1898, 31, 762. 8 Knoevenagel and Brunswig, ibid., 1902, 35, 2178. 

8 Knoevenagel, ibid., 1903, 36, 2180. 

* The constitution of benzoylacetonamine and hence of the product is not known with certainty. 
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23. Gattermann and Skita’s method : Cc- NHa 

\c — CX 


Gattermann and Solinitzspalin ^ showed that when HCl gas is passed into anhydrous HCN 
in acetic ester solution the product is NHI0H*NH*0HGl2,HCl, which reacts as NH2‘0HCl2. For 
example, with sodiomalonic ester it gives a 60% yield of 2 : 6-dihydroxypyridine-3 : 5- 
dioarhoxylic ester : ^ 


COOEt-CHNa 

COOEt 


.CHv 


ClCHCl 




+ 


NaOH-COOBt 
COOEt 


COOBt-(fH 

COOEt 


NH, 


(jJH-COOEt 

COOEt 




COOBt'/N-COOEt 

OH-l^^*OH 

N 


As will be observed, this method is in effect a modification of the Hantzsch synthesis (p. 227). 


24. From ^-aminocrotonic ester etc. and malonic ester etc. : 


/C~COR (or COOEt) 
C< /NHR 
\G— C/ 


Certain syntheses are grouped here which differ from the Hantzsch method in that the inter- 
mediate is formed, not by addition, but by elimination of alcohol or water. Malonic ester 
condenses with /9-aminocrotonic ester in the presence of NaOEt to give a dihydroxy-picoline- 
carboxylic ester (76% yield) which on hydrolysis with alcohol KOH is converted into 4 ; 6- 
dihydroxy.2-methylpyridine : ^ 


COOEt 

/ 

OH OHaCOOEt 
Me-0. + COOEt 


CO 

flH^CH-COOBt 
Me-Cv COOEt 


CO CO 

/\ /\ 

CH CH-COOBt CH 2 

MeC CO KOH MeC CO • 

\/ \/ 

NH NH 


Acetylacetonamine and malonic ester similarly yield 2 : 4-dimethyl-6-pyridone-5-carboxylio 


ester : * 


COMe 

/ 

(:^H (pHg-COOEt 
OOEt 


Me-C + I 

\ 

NH, 


1 Ber., ;1898, 31, 1770, 

® Knoeifrenagel and Fries, iUd., 1898, 31, 768. 


CMe 

. CH O-COOEt 

MeC CO 

\/ 

NH 

® Gattermann and Skita, ibid., 1916, 49, 496. 

* Knoevenagel and Cremer, i&id., 1902, 35, 2893. 
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Claisen ^ obtained lutidinedicarboxylic ester from /3-ammocrotonio and ethoxymetbylene- 
aoetoacetic esters : ^ 

EtO-CH CH 

COOEt*qH (p-COOEt ^ COOEt-cf^\;*COOEt 

MeC CGMe MeC CMe 


NH, 




The same product results when acetoaoetic ester is condensed with ammonium formate : 


HOOOH 

COOBt-CHa GHa-COOEt 
+ MeCO +COMe 
+ NH 3 


CH 

COOEt-fj C-COOEt 
MeOv. COMe 
\NHa 


CH 

COOEt-q C-COOEt 
Meb\^^CMe 
N 


Mumm and Gottschaldt ^ have recently obtained a lutidine-3 : 4-dicarboxylic ester in 75% 
yield by condensing ^-aminocrotonic ester with acetone-oxalic ester at the ordinary temperature : 


qooEt 

CO 

COOMe-CH \h 2 
MeC\ + COMe 

\]srH, 


qOOEt ■ 

c 

eooMe*q 9H 

Me-Cv COMe 


COOEt 

C 

/% 

COOMe-q CH 
Me'Cv^^CMe 

N 


Other syntheses from ^-aminocrotonic ester are mentioned on pp. 208, 227, 231, 237. 
Guareschi ® synthesised a number of a-pyridones by condensing cyanacetic ester with 
/5-diketones (or their ammonia derivatives) in the presence of ammonia or primary amines : * 


COMe 


CHa-CN 
MeC COOEt 
\ 


NHR' 


CMe 

R-q C-CN 
Me-C COOEt 

\h-r' 


CMe 

/% 

R-q C-CH 
Me-C' CO 

\/ 

NR' 


(R = H, Me ; R' = H, Me, Et, CHalCH-CHa.) 

The reaction fails in the case of hydroxylamine. 

A mixture of heptoylacetone, cyanacetic ester and ammonia yields the two isomeric products 1 


and 


C-CeHi3 

qn q-CN 

MeC CO 

\/ ' \/ 
NH NH 

1 Ber., 1893, 26, 2729. * Ibid,., 1922, 55, 2067. 

< See also Moir, J. G. 8., 1902, 81, 100. 


CMe 

qn c-CN 

CgHig-C CO 


8 Zmtr., 1899, ii, 280. 
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25. From a-aminoketones and oxalic ester; CH 2 <( yNH 


/COCOOEt 
COC' 


The pTrropyiidine obtained by Angeli ^ from a-acetylpyrrole by condensation with oxalic 
ester in the presence of NaOEt is tEe only example of this type of pyridine synthesis : 


CH 3 

/ 


OOOEt 

COOEt 


NaOBt 

> 


CHa 

(p^\o 

CH=Cv^ COOEt 


CHa 

9 H=C\^/CO 

ch:ch/ 


.C— CH 

26. From oximes of unsaturated ketones ; C<; /N*OH 

\c— 

This method is due to Scholtz,^ who obtained a 26% yield of 2-phenyl-6-methylpyridine by 
distillation of cinnamyhdene-acetoxime : ♦ 

CH CH 

CH OH fJH 

PhCH COMe Ph-CH CMe 

N-OH 


distil 


+ NH 2 OH 


Ph*(^^-Me . 
N 


The presence of an aryl group in the ^-position to the ketonic ‘CO* appears to be necessary, 
Pyridines have been prepared in this way from the oximes of the following ketones ; ® 


CH 

fjH 9 H 
Ph-CH CO-R 
(R = Me, Pb, P-C7H/, 
jp-MeO*C0H4*, a-CjoH, or 
w-CgHja.) 


CH 

Me-f] ^H 
Ph-CH CO-R 
(R = Me, Ph.) 


CH 

/\ 

CH 9 H 
Ar-CH CO-Ph 
(Ar=p-C7H7 or 
3:4-CHj<^>0eH3.) 


Methylheptenone oxime gives a dihydropyridine by the action of P 2 O 5 ,* and on reduction of 
the product a trimethylpiperidine results. As the d-carbon atom is fully methylated, a wandering 
of the double bond must precede ring-closure : 


CH, 


CMej CMe 
l^OH 


CH 

^\h 2 

2CH CMe 
NOH 


CH 

9H CH2 
MeaC CMe 

N 


Ha 


CH 2 

/\ 

CHg CHa 
MegC CHMe 

\/ 

NH 


i Rer., 1890, 83, 1795. 2 Jfcit?., 1896, 88, 1726. 

® Soholtz, itid., 1899, 38, 1935; Soholtz and Wiedermann, i6id., 1903, 36, 846; Scholtz and Kepke, t6td., 
1904, 37, 1702 ; Soholtz and Meyer, tfeid., 1910, 43, 1861, * Wallach, Ann., 1899, 309, 29; 1901, 319, 77. 


woOXIMES 


235 


possibility of ft iBsokmftiiii tiftnsfonnfttion (bsforc or ftftor tbo roftrrangomsnt of linkages) 
is not excluded, and tbe final product may thus be 2 : 3 : 3-trimetbylpiperidine : 


CH 

Mesc6 9H 
OH*N CHa 

CMe 


CH 

MeaOH CH 
OH-CMe CH, 


Y 


CH 

YY 

CH 

MeC CHa 

Y 


CHa 

Meac/^Ha 
MeCH CHa 

\Y 

NH 


Allylaoetone oxime, OHarOH-CHa'CHa'CMetNOH, does not give a pyridine derivative under these 
conditions. 


/C~C 

27. From oximes of cyclic ketones : C<^ ^^NOH 


The Beckmann change, by which an oxime is converted into an acid amide, may be figured 
thus : 



R' 

J-”” 


00, 

E-NH 


Now if R and R' are the two ends of a five-carbon chain, the resulting product will be a pipexidone. 
Wallach ^ has obtained a number of a-piperidones from the oximes of the corresponding cyclo- 
pentanones by the action of PCI 5 or cone. 11 ^ 804 : 


CHa 

Ha9 ^CHa 

H,C CO 


CHa 

mu 


S-Methylpentanone oxime gives the expected isomerides, 

CHMc 


CHa 

/\ 

H29 QHa 
HaCs^^CO 
NH 

(6S% yield.) 



./\ 

/\ 


1 CHa mid 

HaC ' 

Ha( 

^ nTT 



NH 

CO 


CHMe 


NH 


The preparation of oamphorimide by the action of cone. H 2 SO 4 , cone. HCl or the Beckmann 
1 Am,, 1899, 309, 13; 1900, 312, 179, 184; 1902, 324, 285, 288. 
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mixture (HOI + acetic acid + acetic anhydride) upon wonitrosooamplior or upon wonitrosoepi- 
camphor is an example of the same reaction : ^ 


.OINOH 

C8Hi4<To 


0A4<c^nh. 


Chlorylaminocamphor yields oamphorimide when treated with hot water : * 

H,0 


/CH-NHCl 


/C:ra 



C„H Z' 


CO 

C(OH) 




C«H 


.COs 

'CO" 






/C C. 

28. By ring -closure in the a: p-position ; 

In Kobinson’s synthesis of tropinone ® the pyridine ring is closed in the a : jS-position : 


CH,— CHO 


CH,-COOEt 


OH,— OH CH-COOEt OH,— CH CH'OOOEt 


+ NHaMe + io . 
OH 2 — CHO CHa‘X 


i^Me io 

^Ha— CH(OH) iHa-X 
(X = H, -COOH or -COOEt.) 


ilMe to 

CHa—CH — tn^x 


The preparation of methenyl-3 : 4-dianuno-l : 2 : 3 : 6-tetrahydropyridme by the method 
of Swiss Patent 92297 (1922) also probably involves an a : jS-ring'-closure, for it is analogous to 
the isoquinoline syntheses described on p. 315 : 


CHa 

N — 

ch/ II f 

\NH— CH NHa 

+ CH2(0Me)a 


onf 

\NH- 


CHa 

/\ 

-C CHa 

-CH ifH 
/ 

MeO-CHa 



1 Angeli, Ber., 1893, 26, 68; Manasae, ibid., p. 241 ; Olawen and Manasse, Ann., 1893, 274, 81 ; Bredt and 
Perkin, J. G. S., 1913, 103, 2211. 

Porster and SoMaepfer, ibid., 1914, 105, 2775. 

3 Ibid., 1917, 111, 762; D.E.-PP. 344031, 346759, 3 -689 
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Acetyl-^-aminoorotomo ester is converted into 4 : e-dihydroxypicoline by the action of sodium 


in toluene 


™<C^b™^COOEt 


Na 


™<co-b^co. 


Ettsioka and Fomasir * devised tie following method for the preparation of the previonsly 

mown v-uineridonft !* 

NH,/' 


unknown y-piperidone : 
,CHa*CHs‘C001t 
+ I'CHj’CHs-COOEt 


3S'H< ^COOEt 

\CH,-CH2 
COOEt 


NH 


/CHa-CHa. 

\ >CO 


!)OOEt 


/CHa-CHa. 

NH<: >00. 

^CHa-CHa/ 


A similar motion is used in the conversion of l-methylpjT:rolidine-2 : 6-diacetio ester into 
tropmonecarboxylio ester: ® 


CHa-~CH CHa'COOEt 

NMe COOEt 

OH,— in — in. 


pHa— CH CH-COOEt 

NMe CO 

djH — in. 


Wohl’s syntheses of aldehydotetrahydropjnridines from the diacetal of /3-iimnodipropion- 
aldehyde * also involve a ^ ; y-ring-closure ; 


KtoH+ncn 
CHatCH^CHO >• 


CI*CHa-CH2-CH(0Bt)a 


ENHa 


/CHa-CHa. 

KN< \CH(0Et)5 

^CHa-CHa 

CH(0Et)2 
(K = H, Me, Et.) 


HGl 


/CHa-CHav 
^CHa 

OHO 


This method has been applied by Wohl and Johnson® to the synthesis of arecaidine and 
arecoline, two alkaloids found in areca nuts. The A^-methyl derivative prepared as above 
{B. sss Me) was converted into the acid without oxidation of the ring hydrogens by the following 

method : 


NHaOn 

Py*CHO ^ 


PyCHiNOH 


-HaO 


■> PyCN 


+HaO 


PyCOOH. 


» I).R.*P. 102894. 
» DMA*. 302401. 
» Ibid., p. 4712. 


s Ihlv. Chim. Ada, 1920, 3, 806. 

* Per., 1905, 38, 4161, 4170; 1907, 40, 4679, 4685, 4698. 


method fS ftoetonodioarboxylio ester fails in the case of formaldehyde { p. - ). 
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The add (arecaidine) was esterified with methyl alcohol to give arecoline : 


MeN< >CH 

\CHo — 


Areccddim. 


MeN<^ 




OOMe 


Arecoline. 


Knust and Mumm ^ have obtained a diketotetrahydropyxidine by the action of sodium 
malonate upon the methosulphate of 6-phenyKsooxazole, which reacts as if it had an open chain 
structure : 




The sodium malonate is added at the 0!!N linkage : 


Ph*C0*0Ha‘ 

COOH*OHj-CO- 


^SO^Me 

-ONa 


.CH,*COv 


PhCQ/ >NMe 

nTT..nn/ 


/CHa-COs 

y 

"'^CH-CO^ 


To this group of syntheses belong the “ pyridonations ” of various a-acetylaminoanthra- 
quinones by the action of hot, very dilute alkali ; ® 


CO/ Y 
CHa NH 




iH NH 

\/ 

CO 


Sodium acetate, alone or mixed with acetic anhydride, also brings about this reaction, which 
has been extended » by the use of malonyl instead of acetyl derivatives. The dyestuffs Alizarine 
Rubinole B and R and Algol Red B are of the anthiapyridone type, derived from bromo-acetyl- 
methylaminoanthraquinone by “ pyiidonation ” followed by condensation with aniline, toluidine 
or /5-aminoanthraquinone. The Rubinoles are sulphonated. 


/\coA 
CHa i 


NHAr 




Alizarine Rubinoles. 


(X 


aXAX) 


/\./\/ 

OH NMe 


Algol Red B, 


1 Rer., 1917, 60 , 669. 


* D.E..PP. 203762, 209033, 212204, 216697. » D.K.-P. 260886. 
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30. From pyrroles 

The widening of the pyrrole ring hy the action of chloroform and NaOEt was first observed 
by Ciamioian and Dennstedt ^ : 

CH 

CH CH ® -r u 

\/ 

NH N 


COl 

CH 


The reaction was extended by Dennstedt and Zimmermann ^ to COI 4 , PhCHClj and CHaClg : 


RH-fiH 
CH CH 

\/ 

NH 


+ PhCHCla 


H C 


+ OHA 


0 

N 

/\ 

u 

N 


Ph 


The intermediate, O^H^N'CHCla, has not been detected in the reaction products, though the 
corresponding indole compound (which gives a quinoline derivative) may be isolated. 

Dennstedt and Zimmermann » also obtained pyridine by heating 1- or 2-methylpyrrole with 
HCl in a sealed tube. 

The same widening of the ring occurs when the methylpyrrole is led through a tube heated 
to dull redness * : 

CH C-Me 

That the additional C atom is here also introduced in the ^-position was shown by Pictet,® who 
obtained 17 % oi jS-phenylpyridine from iV-benzylpyrrole : 



CH— CH 
CH CH 

VcHaPh 


0 

N 


Ph 


1 Cfazz., 1881, 11, 300; 1882, 12 , 211 ; £er., 1881, 14, 1163; 1882, 16, 1172; 
9azz., 1886, 16, 186; 1887, 17, IL 5er., 1886, 18. ^21 5 

* Ber., 1886, 18, 3316; see also Boochi, Oazz., 1900, 30, 1 , »9. 

» JBcr., 1886, 19, 2198. _ 

* Piotet, ibid,, 1904, 87, 2792; 1906, 88 , 1946. 

* Log, cit. 


see also Ciaxmcian and Silber, 


240 PYRIDINES 

Putoohin 1 obtained 4-methylpiperidine by passing pyrrole with hydrogen over nickel at 200° : 


CH OH 
\/ 


CH— 0H~0H-|-CH 
CH CH— CH i CH 

x/ -x/ 

NH NH 


CMe 

9H2 \ VH, 
CHa CH 

\/ 

NH 


9H2— 9HMe 
CHa CHMe 

\/ 

NH 


CHMe 
/\ 
9Ha CHa 
CHa CHa 

NH 


Here again the additional carbon atom takes up the ^-position. 


31. From seven-membered and higher rings : 

Schmidt ^ has recently shown that the oxidation of hexamethyleneimine with silver acetate 
in 10% acetic acid yields a-picoline : 


XHa-CHav 
CHaC >NH 

XCHa OE/ 
‘^CH, 


- /CHa-CHav 

m/ >NH 

XCH — CH/ 

^CHa 


.CH-CH. 
CHX >N. 

\CE~(y 
CH 3 


Trimethylenediamme undergoes a peculiar decomposition when the hydrobromide is 
distilled,® /S-picoline being formed from the eight-membered ring compound first produced : 


2NH2-CHa-CH2*0Ha-NH2 


- 2 isrH, 

^ ip NH 

vJtlov y 


NHa-CHa-CH-CHav 
CH2< >NH 
CHo-CHo/ 


Ber., 1922, 55, 2742. 


OHalC OH 2 . 

^ CH2< >nh 

CH,-CHX 


9 H 3 

/O— CH. 


2 Ibid., p. 1584. 


3 Ladenburg and Sieber, ibid., 1890, 23, 2727. 
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32. From quinolines etc. 

When quinoline is oxidised with permanganate, pyridine-2 : 3-dicarlboxyiic acid (quinolinic 
acid) results, 1 while ^soquinoline gives cinchomeronic acid ^ : 



. /\-COOH 

U\/ 


N 

N 

Quinoline. 

Quinolinic acid. 

lY 

COOH 
/\ 


a 

^soQuinoUne. 


y 

N 


Cinchomeronic acid. 


Substitution in the benzene nucleus facilitates the oxidation.® Substituent radicals in’ the 
pyridine nucleus remain unoxidised.* Thus Btilow and Issler® obtained 4-phenyl-6-methyl- 
quinolinic acid from the corresponding quinoline : 


Ph 


/\/ 


KMn 04 


\/\/ 

N 


'•Me 


Ph 

I 

COOH*/\ . 
COOH-1^ iMe 

N 


Atophan similarly yields 2-phenylpyTidine-4 : 6 : 6-tricarboxylio acid.® Spath and Koller 
oxi<hised 4-ohloroquinoline to the corresponding chloroquinolinic acid required for their synthesis 
of ricinine. 

The dimethyl-/3-naphthoquinoline obtained by Keed ® from paraldehyde, acetone and 
/S-naphthylamine (see p. 262) gives on oxidation a dimethylquinoHnic acid. The oiddation of 
other naphthoquinolines is described by Oiusa.® 

1 Koenigs, Ber., 1879, 13, 983. 

2 Hoogewerjff and van Dorp, Rec. trav. chim,, 1885, 4 , 285. 

® Fischer and Renonf, Ber., 1884, 17, 756. 

4 V. Miller, ibid., 1900, 33, 2262; 1901, 34, 1900. 

® Hid., 1903, 36, 3450. 

fi Boehm and Bournot, ibid., 1915, 48 , 1670. ’ Ibid., 1923, 56, 2454. 

» J. pr. Chem., 1887, 35, 298. » R. A. L., 1914, [v], S3, ii, 262, 265. 


16 


0* 
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33. Pyrogenous methods : 

A small amount of pyridine is fonned wten acetylene and hydrocyanic acid 
througli a hot tube : ^ 

CH 


gas are passed 


CH 


+■ 


CH 

I# 


\/' 


mt- +;o-n ViPPTi studied by Meyer 2 who also obtained small quantities of pyridine 
bas^s"^ anl ammonhi 1 660V Acetylene. HCN and CH, at 650». gave a mixture 

T^toSin ‘ passed a mixture of acetylene and ammonia over alumina, ir^ oxide or 

V • 'iio 1+ aoo° The nroduct contained a- and y-picohnes, several colhdines ( .g. 
chroimum oBde at 300 . ^ m Foduct pyridiL and no lutidines. WhenAl^O, 

"“ad S of Chapman, » who heated amyl nitrate with : 

CgHii-O’NO — ^ C5H5N + Ha + SHaO. 

Any five-carbon secondary amine gives a certain amount of pFidine when passed through 
a hot tube or oyer hot litharge : ® 

^CHa /\ 

9 H CHg -> 1 I + 3 H 2 O. 

CHa CHa Y 

NH 

Allylethylamine. 

Aoa ^ Ber. 1912,45,1609; 1913,46,3183. 

1 Bamaay, ka 404 434. DR.-PP. 369371, 369373. * Zenfr.,‘ 1916, i, 920. 

» Meyer and Weaohe, i&id., 1917, 50, ^ e Koenigs, 1879. 

^ J G. S., 1866, 19, 336; Ann. Swppl, 1868, 6, 329. b 
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(P) (e> 
(m)(7) 


(ana) 

(5) 

/\ 


\/ 

s 


(v) 

( 4 ) 


\(3)(|8) 
j(3) (a) 


N 

( 1 ) 


Introductory : 

The numerous synthetic methods available for the preparation of quinoline derivatives may 
be grouped as follows, according to the position of the atoms involved in the ring-closure : 


I. Ring-closure between y-earhon atom and the benzene nucleus: 

In this group (sects. 1-12), which includes the very important Skraup, Dobner-Miller and 


Dobner syntheses, an intermediate compound of the type * : 


R 

.„/H (5o-ch 

6 


or 


CeH^C 


NHPh 
H gr:q 


N- 


-C 


is formed and ring-closure occurs by elimination of water or aniline. 

Skraup’s method (sect. 1) from an arylamine, glycerol and cone. H 2 SO 4 in the presence of an 
oxidant, is of practically universal applicability and leads to quinolines unsubstituted in the 

iL'mimer-Miller method (sect. 2 ) uaea aldehydes with aiylammes, giving a-substituted quin- 
oZiMS-espeoially qumaUmes. It may be modified so aa to yield Cmchmmto 

acids usually with an a-substituent, are readily obtained by Dobner’s method (sect. 3) from 
axylamines pyruvic acid and aldehydes. For y-substituted quinolines Beyer’s modification 
(sect 4) of the Dobner-Miller synthesis may be employed, one of the aldehyde molecules being 
^placed by acetone or acetophenone. The condensation of arylamines with ketones (sect. 5) 

ecives a : y-disubstituted quinolines, j- i i ± j 

A reaction of somewhat limited appheation is the preparation of ^ : y-d%carboxyUM 
quinolines from oxalacetic ester arylamines and aldehydes (sect. 6 ). In the absence of the 

aldehyde an a-hydroxijcinchoninic ester is formed. ^ 

r-Substituted quinolimes are obtainable by Blaise and Maire s method (sect. 7). 

Acetoacetic ester and similar compounds may be used for the preparation of 4-%ter 
auinaldines (sect. 8 a), 2 : 4 -disubstituted quinolmes (sect. 8 a) and carbostynls (sect. 86 ). Malomc 
ester in the same way yields 2 : 4:-ddhydroxy- or 2 : ^-dichloro-qumolines [Beet 9). _ 

In Just’s method (sect. 10 ) an aromatic imide-chloride is condensed with sodiomalonic ester 

■to giye i-hydroxyquinoline-Z-carboxylic esters. ^ ^ / 4 . n \ j 

The iulolidine synthesis can be made to give simple tetrahydroqmnohnes (sect. 11) and the 
method of Spallino and Salimei (sect. 12) leads to a limited number of 2 : 4-disubstituted 

quinolines. 

* See Simon, Corn'll, rend., 1907, 144, 138. 
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II. Ring-chsure between nitrogen atom and the benzene nucleus : 

Most of the syntheses in this group (sects. 13-18) involve the lactamisation of an acid of the 
type (I) or the anhydrisation' of an o-amino-ketone (II) : 

C CH 

6ooh ® co-r- 

(1.) (11.) 

The o-amino-gronp may also close the ring by addition at an nnsatnrated linkage. Only rarely 
is the qninoline ring closed by internal oxidation at the expense of an “ ortho-nitro ” group 
(cf. Indoles, p. 91). One such case is the quindoHne synthesis of Richter and Boehringer (p. 276). 

The reduction of o-nitrocinnamic acids (sect. 13) yields carbostyrils ox dihydrocarbostyrils 
according to conditions, thus providing an easy synthesis of these compounds from o-nitro- 
aldehydes. The saturated acids give dihydrocarbostyrils (sect. 14). 

A number of methods for the preparation of % : ^-dihydroxyquinolines involve the inter- 
mediate formation of an o-aminobenzoylacetic ester (sect. 16). 

The replacement of the acid group in the foregoing syntheses by a ketomc group leads to 
tetrahydroguinolineSy guinolines or 4:-hydToxyguinolines (sect. 16). 

Ring-closure by addition of an ortho-'N'Ri group at a suitably placed ethylene linkage (sect. 17) 
or (sect. 18) gives a-acetonylquinoline or a-aminoquinolines. 


III. Ring-closure between and y-carbon atoms : 

This group (sects. 19—26) includes three important general methods ^those of Rriedlander, 
Pfitzinger and v. Niementowski from o-amino-aldehydes, o-aminobenzoylformic acid and 
o-aminobenzoic acid respectively. Rriedlander’s method (sect. 19) gives qwinolines, wMle 
Pfitzinger’s (sect. 20) leads to cinchoninic acids. Both are especially suitable for the preparation 
of quinolines with a- or ^S-substituents. The ketones used in these syntheses may be' replaced 
by “ dinitriles ” (sect. 21) with formation of ^-cyanoquinolines. v. Niementowski’s method 
(sect. 22) for i-hydroxyquinolines from anthranilic acids is less general than these, as there is 
a tendency to give the Dobner-Miller product. 

The cyclisation of acyl-o-aminoketones (sect. 23) may occur in two ways, giving 2- or i-hydroxy- 
quinolines, according as the ketonic or the acyl carbonyl group takes part. 

The Flavaniline synthesis (sect. 24) is a special method scarcely capable of generahsation. 
Kuhsch’s glyoxal method (sect. 25) for quinolines recalls Hinsberg’s indole synthesis (p. 112), but 
is more direct. 

ly. Ring-closure between d- and ^-carbon atoms : 

A few cases of this type of quinoline synthesis are known (sect. 26) ; they are interesting 
rather than important. The supposed conversion of benzal-o-aminophenylacetic a,cids (111) 
into iS-hydroxy-a-arylquinolines (lY) ^ has been shown to give, not quinolines, but oxmdoles. 


p „ .CHa-OOOH 
® ^'^NICHAr 
(III.) 




ch:c-oh 


N=G-Ar 

(IV.) 


1 Neher, Rer, 1922, 55, 838. 

* Kliegl and Schpaalenbaoh, ibid., 1923, 56, 1517 ; 


Neber and Hooker, iftid., p: 1710; seep. 132. 
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SKRAUP’S METHOD 

There remain to be mentioned the Bz-tetrahi/drocarbostynls prepared by Sen Gupta (sect. 27) 
and the dihydrocarbostyrils obtained from hydrindone oximes (sect. 28), the formation^ of 
quinolines by widening of the indole ring (sect. 29) and of quinolinecarboxylic acids by oxidation 
of acridines, etc. (sect. 30), Knoevenagel and Fries’ remarkable trihydroxyquinaldine synthesis 
in which both rings are built up from chain compounds (sect. 31) and finally the pyrogenous 
synthesis of quinolines (sect. 32). 


CHOCH 


1. Skraup’s reaction: Ogv | 

\n — C 

This important and very general synthetic method consists in heating together an aromatic 
amine, glycerol and cone. H 2 SO 4 with the addition of an oxidising agent. ^ Skraup ^ originally 
used nitrobenzene (or the nitro compound corresponding to the amine) as oxidant, but Knuppel ^ 
obtained better yields in many cases by the employment of AsaOg. The nitroanilines in 
particular give only small yields by the ordinary Skraup reaction, but 60-80% by Knuppel’s 
method. Picric acid is also useful in the case of nitro- and dinitro-amhnes.s Calcined ferric 
oxide with aniline, glycerol and H 2 SO 4 gives quinoline in 60% yield.^ 

The mechanism of the Skraup reaction seems to be as follows ® : The glycerol is converted 
by the H 2 SO 4 into acrolein, which then condenses with the base and the ring is closed by 
dehydration (or loss of aniline) ; 


OHO 



OHO CHINPh 



OH 


V\/CH2 

NH 



Crotonaldehyde with aniline and H 2 SO 4 gives quinaldine, not lepidine.® Skraup’s original 
suggestion that a Schifi base is first formed is thus excluded ’’ : 


J 


CHO 

\ 

NH2 CHMe 


/\ 


CHO 

\ 

y\/CHMe 

NH 


ft XT 

/yV 

k ^yyCHMe 
NH 


CQ- 


•Me 


Meta substituted arylamines in which both ortho positions are free can give two isomeric 
quinolines : 


E-MnHj 


R 


4* 1 


K 

/ 


N 




1 Ber., 1880, 13, 2086; 1882, 15, 897. 

® TCanfmann and Hxissy, ibid., 1908, 41, 1739. 
® Simon, Gompt. rend., 1907, 144, 138. 

7 Cf. V. MiUer, Ber., 1891, 24, 1720. 


2 Ibid., 1896, 29, 703. 

* de Barry Barnett, Chew. News, 1920, 121, 205. 
8 Blaise and Maire, ibid., p. 93. 
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The 5- {i. e. the am-) isomer usually predominates, ^ but further investigation seems desirable. 
From m-phenylenediamine is obtained phenanthroline, which is a 5-derivative 2 : 







s/\/ 

N 

Phenanthroline. 


jw-Nitroaniline by KnuppeTs method gives a mixture of 5- and 7-nitroquinolines in the proportion 
4 : 1.3 On the other hand, m-aminobenzoio acid yields mainly quinoline-7-carboxylic acid,* 
The same acid results when 3-aminophthalio acid is submitted to the Skraup reaction, the 
8-carboxyl group being eliminated ^ ; 


COOH 


OOOHk 




COOH 




This reactivity of the 8-position during the Skraup reaction is also shown in the case of 4-cyano- 
w-toluidine, the -ON being hydrolysed to -COOH ^ : 

Me Me 

QJ- 

ON HOOC N 

Aminophenolsulphonic acids lose the sulphonic group and give hydroxy quinolines ’ : 


SOoH 




/\/\ 


JOT, 

OH 


u 


OH N 


Bwins ® showed that the Skraup product from 4-m-xylidine, viz. : 


X/XX 

Me N 

1 See Eist, Ber., 1890, 23, 3483; Decker and Remfry, ihid., 1905, 38, 2773. 

* Skraup, ihid., 1882, 15, 893, etc. 

® Decker, J. pr. Qhem., 1901, 63, 576. 

4 Skraup, Eer., 1882, 15, 893 ; Lellmann and Alt, Ann., 1887, 237, 307. 

» TortelH, B. A. L., 1886, [iv], 2, 623. « v. Jakubowski, Ber., 1910, 43, 3028. 

’ Claus, J.jw. Chicot., 1890, 41, 32. ^ J. G. S., 1913, m, 102. 
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was identical with ^-cytisolidine, a reduction product, of cytisine, an alkaloid isolated by Fremd 
in 1904 from Cytisus laburnum, a-Oytisolidine is the corresponding tetrabydrodimetbyh 

quinoline.^ . . , 

The Skraup reaction fails with ^-aminoacetophenone,* but goes easily with p-aminobenzo- 

phenone. . „ .j. 

As has been mentioned, m-phenylenediamine undergoes a double Skraup reaction. Isenzidme 

similarly gives 6 : 6' -diquinolinyl : ^ 


NHa 


N/ 




/\/\ /\/\ 


“k 


y 




N 


\/'\y \/\ 


N 


Olaus and Stegelitz,^ attempting to substitute azobenzene for the mixture of nitrobenzene and 
aniline in the Skraup reaction, obtained the same product. The azobenzene is reduced to 
hydrazobenzene, which at once isomerises to benzidine. Lellmann and Lippert ^ later succeeded 
in obtaining small yields of quinohne and 6-methylquinohne from azobenzene and ^i-azotoluene 

Only minute traces of quinoline result when phenylhydroxylamine is heated with glycerol 

andH 2 S 04 .® • r • 

d-Naphthylamine by the Skraup reaction yields only one naphthoqmnohne, viz. the 

“ angular ” isomer. So great indeed is the tendency for ring-closure in the a-position that an 
a-Br or a-NOg is eliminated : ® 




1 


/ 




\y 


Ink, 


u 


\/ 




not 




N 


ar-Tetrahydro-i3-naphthylamine, on the other hand, gives, in 65% yield, a mixture of the two 
isomers, in which the linear compound predominates.’ The analogously constituted 4-o-xyhdine 
gives a similar mixture of products : ® 

/\' 

HgC CHs 


CH, 

H.C\A/ 

CHa 


CHc 


H,C 




H. 

H 


YAA/ 




CH 


N 


N 


Main product. 


1 Berend and Thomas, Ber., 1892, 25, 2648. -7 • 7 r^ odAd. a Ibid n 2380. 

2 Boser, ibid,, 1884, 17, 1817, 2767; Ostermayer and Hennchsen, ihd., P- ^4. ma., p. 

* Ibid., 1891, 24, 2623. ® Bamberger and Weitnauer, ^bld., lm, 55, 3377. 

6 Lellmann and Schmidt, ibid., 1887, 20, 3154; v. Braun and Gruber 1922, 1710. 

7 Lehmann and Schmidt, he. eit. » Berend, Ber., 1884, 17, 1489 ; ' 

* A quinaldine is obtainable by Dobner and v. Miller’s method, but the yield is small. 
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Main product. 


Here, as will be seen, the 7-isomer predominates. 

In tie anthracene series the quinoline from ^-aminoalizarine has long been known. 
Prud’homme ^ heated )S-nitroalizarine with glycerol and H 2 SO 4 ; the blue product was shown by 
Graebe ^ to be the corresponding quinoline 



a-Aminoalizarine gives a green dyestuff by the usual Skraup reaction. Other anthraquinolines 
have been similarly prepared. 


The following amines have been converted into quinolines by the Skraup reaction : 


Amine. 

Aniline. 

o-Chloroaniline. 

»»-Ohloroaniline. 

p-Chloroaniline. 

o-Bromoaniline. 

m-Bromoaniline. 

p-Bromoaniline. 

o-Nitroaniline. 

»n-Nitroaniline. 

p-Nitroaniline. 

Metanilic acid. 

Sulphanilio acid. 

t 7 i-Aininodimeth,ylaniline, 

p-Aminodimetliylaniline. 

p-Aminodiethylaniline. 

p-Aminoaoetoplienone. 

2 ; 4-Dicliloroaniline. 

2 : 6-Dicliloroaniline. 

3 : S-Dichloroaniline. 

2 : 5-Dibromoaniline. 

3 ; 4-Dibromoaniline. 

3 : 6-Dibromoaiiiline. 

2 : 3-1 

3:4- [• Dinitroanilines. 

3:5-J 

2-Bronioaniline-5-sulphonio acid. 

Phenylbydroxylamine. 

o-Toluidine. 

m-Toluidine. 


References. 

3, 4, 7, 8, 13, 82, 86, 122, 123, 124, 125 
78 

26, 39 
12, 13, 45 
63, 79 
63, 63 
12, 63 
16, 86 

16, 56, 86, 93, 94 

15, 86, 94. 

51 

19, 22, 86 
86 

16, 86, 126 
126 

77 (fails). 

12 

12 

84 

21 

62 

62 

105 

64 

131 (fails) 

7, 13, 86, 97, 122, 134 
9, 13, 42, 122, 134 
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Amine. 

p-Toluidine. 

5-Broino-o-toluidine. 

4-Ohloro-m-toluidine. 

4- Nitro-o-toluidine. 

2 -Nitro- 2 ?-toluidine. 

5- Nitro-p-toluidine. 
o-Toluidine-4-sulphonic acid. 
o-Toluidine-5-siilphonic acid. 
p-Toliiidine-2-siilplionic acid. 
p-Toluidine-S-sulphonic acid. 

2 : 6-Diaminotoluene-4-sulp]ionic acid, 
4-Oyano-m-toluidine. 

4-o-Xylidine. 

4-OT-Xylidine. 

p-Xylidine. 

6- Mtro-4-TO-xylidine, 

2- p-Xylidine-6-sulph.onic acid. 

2 : 6-Diaimno-p-xylene. 

\|/-Cumidme. 

4-Amino-3-metliyM-ethylbenzen0, 

o-Aminopropylbenzene. 

0 ; m-, p-Aminophenols. 
o-Aiusidine. 
t'~ p-Anisidine. 
p.phenetidine, 

4-Nitro-o-anisidine. 

3- AminO'O-cresol. 

3- Amino-P'Cresol. 

4- AinirLO-l : 2-diineth.oxybenzene. 

4-ATnino-l : 2-metbylenedioxybenzene. 
Anthranilic acid. 
m-Aminobenzoic acid. 
p-Amirxobenzoic acid. 

4-Brdmo-3-aininobenzoic acid. 

3 ; 6-Diamino-4-methylbenzoic acid. 

3 ; 4>Dimethoxy-5-amiiiobenzoic acid. 

3- Amino-4-hydxoxybeiizoic acid, 

4- Amino-3-bydroxybenzoic acid. 
3-Aininophthalic acid. 

3-Aiiiin.oterepbthalic acid. 

Y o-Aminodipbenyl. 

p-Aininodiphenyl. 
p-Axoinotripbenylmethane. 
a-Naphthylamine. 
j3-Napbthylamine. 
ar-Tetrabydro-/3-naphthylainine. 
l-Bronio-2-naphtbylamine (Br eliminated). 
.l-Nitro-2-napbthalymine (NO^) „ 

v/l : 4-Napbthylammesnlphonic acid. 

2 : 8-Napbthylaminesulphonic acid. 

2:8: 6-Aminonapbthol8ulphonio acid (y-acid). 
1 - Aminoacenapbtbene. 

/3-Aminoanthracene. 

a-Aminoanthraquinone. 

jS-Aminoanthraquinone. 

1 : 5(8)-Aminoantbraqiiinonesulphonic acid. 

a-Aminoalizarine, 

jS-Aminoalizarine. 

jS-Aminoalizarinesulpbonic acid. 

a- and j3-Aminoflavopnrpurines. 

a- and j8-Aminoanthrapurpnrines, 


References. 
7, 13, 70, 98, 122 
64 

37, 135 
73 

70, 114 
70, 98 
19, 25, 73 
25 
111 
19, 23 
80 
113 

27, 132 

31, 70, 116, 123 

38, 40, 56 
70 

41, 58 
68 

32, 92 
128 
119 

5, 10, 13 
10, 117 
.10,20,35 
. 85, 129 

95 
70 
70 

129 .... , „ ■ 

129 


6, 13 ' 

6, 13, 42, 56 

6, 13 
66 
80 

49 (loses COg) 

118 

118 

46, 48 (loses CO,) 

42 
33 

12, 33 

43 

7, 13, 17, 74, 89, 108 

13, 17, 57, 75, 81, 86, 88, 104, 132 
132 

67 

57 

16, 19 

65 
87 
121 

24, 81, 86 

14, 101 

2, 81, 100, 101, 103 
96 

76, 86 

1, 2, 71, 81, 86 
69 

66 
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Amine- 


Beferences. 


^-Amino-Alizarine-Bordeaux. 

1 ; 5-Diaminoanthraqumone. 
9-Aimnophenantlirene 
2-AminophenaTitliraq'uinone. 
(Dinitroxanthone. ) 

6- Amin,oquinoline. 

- 8- Aaunoquinolone. 

4- Aminoquinaldine. 

5- Aimiioquinaldine, 

5- Ajtmno-S-inetliylquinoline. 

7- Amino-8-metliylquinolme, 

6- Aminokairoline. 

6(7)-Amiiio-2 : 4-diinetliylquinoline. 
Ilavaniline. 

2-(m-Aminop]ienyl)-q'uinolirLe. 

2- and 4-(p-Amin.ophenyl)-qmnolines. 

2(-m-Aminophenyl)-6_-methoxyquinoline. 

2-(p-Ammostyryl)-quinoline. 

DehydrothiotoMdine. 

6-Amino-2-p-tolyl-aziminobenzene. 

2-(o-Aimnoph.enyi)-benziminazole. 

2-( w- Aminophenyl) -benziminazole. 
2-(p-AminopLenyl)-benziininazole. 


67 

101 

106 

106 

127 

no 

60 

80, 83 
60 
70 

80 (fails) 
130 (fails) 
80 
44 
36 
50 
52 
61 
133 

90 

91 
91 
91 


Double Skraup reactions * have been carried out with tbe following diamines : 

m-Pbenylenediamine. 
p-Pbenylenediamine. 

Benzidine. 

Benzidinedisulphonic acid. 

4 ; 4'-Dihydroxy-2 ; 2'-diaminodipbenyl. 

Dianisidine. 

2 : 2'-Diaminodiplienyl. 

2 ; 2'.Dianiino-p-ditolyl. 

2 : 4''-Diaminodiphenyl (diphenyline). 

2 : 2'-Diaininodiplienyl-4 : 4'-dicarboxylic aoid. 

4 : 4'-Dianiinobenzopb.enono. 

4 : 4'>Diaminodiph.enylmethane. 

4 : 4'-Diaminodipbenylethane. 

1 ; 6-Diaminonaphthalene. 

1 : 4-Dianiihonaphtbalene. 

1 ; 6-Diaminoantbraquinone. . 

2 : 6(7)-Diaininoantbraquinone3 (to benzanthrone quinolines). lUU 
1 : 6 ( 8 )-Diamino- 2 -inothylanthraquinones. 116 


28, 29, 30 
30 
120 
47 
102 
102 
34 
107 
72 
112 
69 
109 
80 
101 
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2. Dobner and v. Miller’s reaction : C, 


CHO— CH 


\n- 


-G 


Dobner and v. MiUer ^ in 1881 substituted “ etbylene alcobol ” {i.e. glycol) for glycerol m 
tbe Skranp reaction and obtained quinaldine. This result they attributed to 
tbe glycol into acetaldehyde, and in accordance with tbs they discovered that paraldehyde 
heated with aniline and H2SO4 (or, better, with cone. HCl) gave quinaldine : 


CHO 

\ 

+ CH3 
\/NnH, CHO-CH3 


/ 


\/ 

N 


■Me- 


1 Ber., 1881, 14, 2812. 
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From aniline and cinnamaldehyde ^ they obtained 2-phenylquinoline . 


CHO 

XqH 

I + n 
\)\ CHPh 

NHa 


HOI 




•Ph 


Later work showed that practically any aromatic amine may be condensed (i) with an 
Hnsatnrated aldehyde, or (ii) with two molecules of an aldehyde B-CHa-CHO, or_(m) with one 
molecule of B-OHa'CHO and one molecule of B'*CHO, to give substituted quinohnes. For 
example, aniline and tiglio aldehyde give 2 : 3-dimethylquinoline : ^ 




CHO 
\f5Me 
\ CHMe 
NH, 


HOI 


iMe 


/ 

N 


S-Methylquinoline results from the condensation of aniline, propionaldehyde and methylal . 


CHO 

jX\ \cHaMe 
\/\ CH(OMe)2 
NHa 


HCl 


w ■ 


The mechanism of the reaction was first satisfactorily explained by 0. Beyer,^ who suggested 
that orotonaldehyde, produced from two molecules of paraldehyde, formed an additive produo 
with the aniline, ring-closure then proceeding as in the Skraup reaction ® : 



+ 


CHO 

\ 


NH, 


CHMe 




CHO 

I 

y\/CHMe 

NH 


CH 

/yv 

I A yCHMe 
NH 






iMe 


+ Ha 


V. MHler obtained dihydroquinaldine in 22% yield from Eckstein’s dimeric ethylidene-aniline 
by the action of HCl * : 

CHtNPh CH 


2PhN:CHMe 


Y\ \cH 
1 I 

k /CHMe 
NH 


/ r "V"- +phNH2. 

L /lyyCHMe 
NH 


1 Ber 1883 16 1605. ® y. MiUer, ibid., 1887, 20, 1912; Eoh.de, ibid., 

® V. mier and Kinkelin, ibid., 1887, 20, 1916, * J. ft. Ohem., 1886, 33, 45^ Ber., ' ^5, 2072. 

* In tke presence of benzaldehyde the aniUne formed is converted 
hydroeen from the dihydroquinaldine. The products are henzylaniline and benzalquinaldine (Eibner, 

1901, 318, 58). Eckstein’s base is a trans compound and distils unchanged. The cis isomer, prepared by 

Eibner, yields quinaldine when distilled. 
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This reaction seems to favour BiscHer’s explanation ^ : 
2 CH3-CHO 


■ ■CH3-CH(0H)-CH2*CH0 
CHINHPh CH 


4-2PMTH:, 
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A "^ 93 , _ 

^ /yv - 

/\/\ 
-> 1 1 ! 

\/\/CHMe 

NH 

k^yyyCHMe 

NH 

^ 1 1 . 
\/\/ 
N 


■Me 


+ H,. 


Furtlier light was thrown upon the subject By Jones and his collaborators.^ No hydrogen is 
actually hberated during the reaction, and Jones considered that the dihydroquinaldine was at 
once converted into a mixture of quinaldine and tetrahydroquinaldine. The “ aldol bases ” 
obtained by Miller and Plochl ^ from 4-m-xyhdine and acetaldehyde were shown to be cis and 
irans forms of the compound 

CHOH 

Me/\/\cH2 

Me NH 

Similar cis and trans aldol bases were obtained' from j3-toluidine and i/;-cumidine. All were 
converted by heat or by mineral acid into the corresponding dihydroquinolines, which at once 
gave mixtures of the q[uinoline and its tetrahydro-derivative. 

Finally, Milk, Harris and Lambourne i have shown that the hydrogen available in the 
D5bner~v. Miller synthesis is utilised, not in the formation of tetrahydro(iuinaldme, but in the 
reduction of Schiff bases formed as by-products. In the case of aniline and acetaldehyde, the 
products are quinaldine, ethylanihne and butylanihne,* the' two latter being derived from 
PhNICHMe and PhN:OH-CH:CHMe. 

Incidentally Milk , Harris and Lambourne found that the addition of a little ZnClg led to 

increased yields. ... . . . 

As in the Skraup reaction, m-substituted anilines give both 5- and 7-substituted quinolines. 
Hist ® obtained always the 7-derivative by the Dobner-v. MiUer reaction and the 5-isomeride by 
Skraup’s method. Decker and Kemfry,® on the other hand, conclude that the 5-derivative is 
formed in both cases as main product. 

Certain variants of the Skraup and D5bner-v. Miller syntheses may be mentioned here. 
WaUach and Wiisten ’ obtained quinaldine from anihne, lactic acid, nitrobenzene and cone. 
H2SO4. The lactic acid is evidently first converted into acetaldehyde ® ^ 

CH3-CH{0H)-C00H — > CHg-CHO -b H2O + CO. 


2 1912, 101, 1376, 1389; see also Blaise and Maire, W.^oc.^c^^^^ 

3 Ben, 1896, 29, 1462. ion. 277^ 

5 Ben, 1890, 23, 3483. 

reduction. 
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Busoh and Koenigs ^ heated aniline hydrochloride and hutylchloral hydrate with ZnOlg at 
160-180°, the product being 3 -chloroqmnaldine : 


CHO 

> , ^CHCl 

COlaMe 

NH, 


CHO 

'\9Hc1 

N 


CO* ■ 


N 


Quinaldine has been isolated in small amount from a mixture of nitrobenzene and alcohol 
which had been exposed to light for some years.^ 

Bamberger and Weitnauer ® condensed phenylhydroxylamine with a-unsaturated aldehydes, 
but the yields of quinoline derivatives were very small. There is first formed a nitrone ” 
(the oxide of a SchifE base) : 

CH 

PhNHOH + R‘CH:CH'CH0 


CHR 


N 

I I 
0 




N 


(R = H, Me or Ph.) 


Vogt and Hieuwland ^ formed acetaldehyde in situ from acetylene, 40% H 2 SO 4 and HgSO^j 
the yield of quinaldine was only 80 gms. from 400 gms. of aniline. 

The following arylamines have been condensed with acetaldehyde (paraldehyde) by Lobner 

and V. Miller’s method : 


Amine. 

Aniline. 

o-Chloroanilino. 

w-Chloroaniline. 

jj-OhloroaniUne. 

m-Bromoaniline. 

o*Bromoaniline. 

})-NitToanilino, 

Snlphanilio acid. 

" Axsanilio acid. 
p-Aminodimothylaniline. 

0 - Aminoaoetophenone . 

p-Aminoaoetophenone. 

o-Aminobenzophonone. 

p-Aminobonzophenone. 

o-Toluidine. 

m-Toluidine. 

p-Toluidine. 

3- Nitro-p-toluidine. 

2 : 6-I)iaminotoluen6-4-sulph.onic acid.\ 
4;-o-Xylidine. J 

4- w-Xylidine. 

p- Amino-ethylbenzene. 


Eeferences. 

1, 4, 6, 6, 11, 17, 31, 44, 65, 67 
54 
64 

64, 58 
69 

64, 69 
68 
10 
73 
66 
26 
46 
19 
32 

5 , 8, 11, 17 

6 , 8 

6, 8, 17, 56, 62, 63, 64 
54 


12, 14 


8, 11, 17, 28, 61, 60, 61, 62, 63 
67 


1 Ber., 1891, 24, 3962. 
Ibid., 1922, 65, 3380, 


2 Ciamioian and Silber, ibid., 1906, 39, 4343, 
* J, A. C. S., 1921, 43, 2076. 
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Amine. 

xp-Cimiidine. 

0 - and p-Aminophenols. 

o-Anisidine. 

p-Anisidine. 

m-Phenetidine. 

p-Phenetidine. 

Alkyl ethers of p-aminophenol (propyl, allyl, butyl, \ 
isobutyl, isoamyl) / 

0 -, m-, p-Aminobenzoic aoids. 
m-Anodnocinnamic acid. 
p-Aminocinnamic acid. 

3 : 6-Diamino-4-methylbenzoic acid. 
a-Naphtbylamine . 
jS-Naphthylamine. 

^-Aminoantbraquinone. 
j3-Aminoanthraquinonesulpbonic acid. 
j3-Aminoalizarine. 

6-Aininoqmnoline. 

6-Aminokairoline. 

4-Aminoqumaldine. 

2-p-Aminoatyrylqmnoline. 

m-Pbenyleuediamine. 

Benzidine. 


Beferences. 

15 

15 

15 

11 

71 (fails) 
71 

73 

13 

35 
20 

48 

11, 15 
15, 33 
9 
9 

38 

70 

70 

49 

36 
41 
32 


The Dobner-v. Miller synthesis has also been applied to the following arylamines and 
aldehydes. ,The a- and /3-substituents in the resulting quinolines are indicated : 


Amine. 


Aniline. 


m-Nitroaniline. 

p-Toluidine. 

0 -, m-, and p-Toluidines. 
p.-Anisidine. 

Amtbranilic acid. 
Anthranilic acid. 
5-Aminoquinoline. 
m-Pbenylenediamine. 


Aldehydes. 

''Acrolein. 

Formald. and propionald. 
Acetald. and propionald. \ 
Tiglio aldehyde. J 

Acetald. and isobutyrald. 
Acetald. and m-nitrobenzald. 
Butylcidoral. 

Propionald. (2 mols.). 

Propionald. and benzald. 
Propionald. and w-nitrobenzald. 
Butyrald. (2 mols.). 
isoValerald. (2 mols.), 

^ CEnanthald. (2 mols.). 
Cinnamaldehyde. 

CEnanthald. (2 mols.). 

Acrolein. 

Propionald. (2 mols.). 
m-Nitrocinnamald. 

Propionald. (2 mols.). 
CEnanthaldehyde (2 mols.). 
(Enanthaldehyde (2 mols.) 
CEnanthaldehyde (4 mols.). 


a. 


References. 

H 

H 

2, 74 

H 

Me 

30,42 

Me 

Me 

29, 34 

•CHMe, 

H 

29 

NO.-OsH, 

H 

18 

Me 

Cl 

43 

Et 

Me 

J 16, 27, 30, 

1 44, 62 

Ph 

Me 

24 

NOa-C.H, 

Me 

24 

Pr 

Et 

16, 21 

•CHaCHMe, 

•CHMej 

16, 22 

C,Hi3 

CAin 

16 

Ph 

H 

3, 7, 39, 5J 

C,Hi3 

CaHn 

40 



74 (fails) 

Et 

Me 

23 


H 

30 

Et 

Me 

50 

C,H„ 


50 

CeHi3 

C5H„ 

40 

CeHis 

CsHu 

40 
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COOH 

3. DObner’s pyruvic acid method: Ogv (io*CH 

^N— G 

By condensing aniline mtli pymvic acid Bottinger ^ obtained a product, CaoHigO^Ng, which 
he called “ aniluvitonio acid ” by analogy with “ uyitonic acid ” from ammoma and pyruvic 
acid (see Pyridines, p. 220). This compound gave quinaldine and COg when heated. _ 

D5hner ® showed that aniluvitonic acid resulted in better yield when aniline was condensed 
with an equimolecular mixture of pyruvic acid and acetaldehyde, and that Bottm^r s synthesis 
was due to the partial conversion of the pyruvic acid into acetaldehyde by loss of OUg : 


COOH 

CO 

A +\CH, 

L CHO-Me 

NH2 


COOH 



Aniluvitonic acid. 


^ Ann., 1876, 188, 336; 1877, 191, 321; Ber., 1881, 14, 90; 1883, 16, 2357. 
* hoc. cit. ; also Kiisel, Ber., 1887, 20, 2249. 

« See also v. Miller and Lettenmayer, ibid., 1891, 24, 1918. 


DOBNER’S METHOD 

The method was ex|eiided by Dobner i to a variety of aldehydes : 
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90OH 

CO 

Noh, 


k 


COOH 




4. 

\ CHO-R 

(R = methyl, ethyl, isopropyl, isohutyl, phenyl, furyl.) 


./x/ 


The mechanism of the reaction has been studied by Grarzarolli-Thnrnlackh,^ Simon and 
Maugm,3 and especiaUy by Borsche.^ The first named found that under Dobni’s conditions 
(boiling alcohoho solution)^ pyruvic acid forn^ an additive compound with benzalaniline which 
may readily be converted into 2-phenylquinoline-4-carboxylic acid ; 


COOH 

CO 

\CH, 


COOH 

CO 


^/\/CHPh 

NH 


COOH 

(XX 

N 


In the naphthalene series, Simon and Maugin obtained good results in cold chloroform or benzene 
especially if pyruvic ester was substituted for the acid. For example : 


a-CioH,-HHa + PhCHO 


CiaH,-N:CHPh 


+OH300000Bt 
^ 


(pOOEt 
CO 

A 

■ j NH 


k 




COOEt 

AX. 


A 


A 

N 


Ph 


Simon studied the reaction between p-toluidine and pyruvic acid or ester alone. The acid gives 
first a derivative of glutaric acid, which is converted by boiling water into 6-methylquinal^e : 

9OOH 

OH-C-NH'C^Hy 

^ Me/N \9H, Me'/VN 

k /\/CMeCOOH \A\A’^® 

NH N 

. +2C0a + H20+NHaC7H, + H2. 


CH3COCOOH 


(As in other syntheses in this group, no free hydrogen is liberated ; it is used up in the reduction 
of some product or intermediate.) ^ 

1 Loc. cit. ; Ann., 1887, 242, 270-298. a Ber., 1899, 32, 2274. 

^ Oompf. rend., 1907, 144, 1275; Simon, ihid., 1908, 146, 1400; 147, 125. 

* B&r., 1908, 41, 3884; 1909, 42, 4072. 

® See Ciusa and Zerbini, Gazz., 1920, 50, ii, 317 ; Ciusa, ibid., 1922, 52, ii, 43. 
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Pyruvic ester, ou the other hand, gives as main product a pyrrole derivative : 


aH,NH2 4- QO 


lOOEt 


4 - NH^CyH, 


0 ,H,N = 9 — 9H2 

CO CMeOOOBt. 

\/ 

N-CjHv 


Borsche * showed that the primary product of the interaction of an arylamine, pyruvic acid 
and an aldehyde, namely : 

,...."""""H|cHa-C0*C00H .CHa-CO-COOilt: H 

K-CHiO 4“ I 

i , HjNH-Ar \NHAr 

may undergo ring-closure in two ways, giving in one case a dihydroquinohne and in the other a 
diketopyxrolidine. The former is converted as usual into the corresponding quinoline; the 
latter takes up a further molecule of base to form an anilide ; 

COOH - 9OOH 

io 0 900H 

f'Yv n ir 

\A/®r kA/‘^ 

NH NH N 


10 9H2 

ioOH CHR 

NHPh 


YV 

Aa^hr 

NH 

!0-9H2 
10 CHR 
\A 

NPh 


JO CHR 

\A 

NPh 


The proportions of the two products vary according to the amine, aldehyde and- solvent used. 
In ether, the pyrrolidine is the main product ; warm alcohol or acetic acid favours the formation 
of the quinoline. The three nitroanilines give no quinolines with benzaldehyde and pyruvic 
acid, indeed o-nitroaniline fails to react at all. Other ortho-substituted amines 


HaOgAs-Y 

v’ 

Mo 


H. 0 ,As*/' 


ieOgHs Mo Br 

have similarly been found to give neither the diketopyrrolidine nor the quinoline derivative.^ 
The substituted pyruvic acids used by Borsche, namely : 

Phenylpyruvic acid, PhOHg’CO'GOOH, 

o-Nitrophenylpyruvic acid, NOa'CeH^'CHa'CO'COOH, 

Benzoylpyruvic acid, PhCO'CHg’CO'COOH, 

Benzylpyruvio acid, PhOHg’CHg’CO’OOOH, 

^ Johnson and Adams, J. A. C. S., 1923, 45, 1307. 

* See also pp. 43, 44. 
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gave as a ride only the pyrrolidine compound except in the case of /3-naphthylainine. Benzyl- 
pyravic acid, however,^ gave small amounts of quinolines when condensed with benzaldehyde 
and amline or m-toluidine. 

^-Naphthylamine shows a special facility for quinoline formation with any aldehyde (except 
«-hy(^oxyaldehydes) and any pyruvic acid.i The reaction with other arylamines frequently 
^Is m the case of formaldehyde * or methylal,^ and proceeds most easily with benzaldehyde. f 
That the Ddbner synthesis is less general for aliphatic than for aromatic aldehydes is confirmed 
by the work of Johnson and Adams ^ upon quinolines from arsanilic acid. 

Dehydrothiotoluidine gives no quinoline derivative by condensation with pyruvic acid and 
benzaldehyde.* 

The following condensations by D6bner*s method have been described : 

I. pyruvic acid : 


Amine. 


Aniline. 


m- and 2 >Chloroanilines. 
p-Iodoaniline. 

0 -, W‘ and p-Nitroanilines. 
w-Aminoacotanilide. 


Aldehyde. 

Refereni 

formaldehyde (fails). 

12 

(Pyruvic acid). 

13, 14 

Acetaldehyde. 

1, 8 

Propionaldehyde. 

2, 19 

isoButyraldehyde. 

2 

isoY aleraldehyde. 

2 

furfural. 

43 

Benzaldehyde. 

2, 3, 16, 3 

p-Iodobenzaldehyde. 

32 

o-Nitrobenzaldehyde. 

26 

p-Dimethylaminobenzaldehyde. 

38 

Salicylaldehyde. 

4, 29. 

m- and p-Hydroxybenzaldehydes. 

21 

Anisaldehyde. 

38 

Piperonal. 

24, 37 

Cuminaldehyde. 

4 

2-Hydroxy-5-aldehydobenzoic acid. 

34 

Cinnamaldehyde. 

6 

a-Naphthaldehyde. 

28 

Benzaldehyde. 

22 

Benzaldehyde. 

32 

Benzaldehyde (fails). 

22 

Benzaldehyde. 

11 


1 See Dobner, Ber., 1894, 27, 352, 2020. 

a Cf., for instance, Clans and Brandt, Ann., 1894, 282, 93; Pictet and Misner, Ber., 1912, 45, 1800. 

3 J. A. a. 8., 1923, 45, 1307. 

^ Bogert and Meyer, ibid., 1922, 44, 1671. . . , , -u- • + 

* When formaldehyde is used in certain cases, the pyruvic acid alone may_ combine with the amne to 
cive a dihydroqninoline, which then condenses with formaldehyde to yield a triquinolinylmethane (Dobner, 
Ikr., 1898, 31, 086; 1900, 33, 677) ; 


COOH 

1 

0 


K 


k. 




•NHo 


20JTaCQ-COOg^ 


y''\^y^CHMe 

NH 

(R == H, Me, -OMe, ‘OEt.) 


HOHO / 

^ CH^ 


COOH 

I 

0 


hc/\/Nr 

NH 


t The ” atoplians ” or a-phenylcinchoninio acids are used in pharmacy. 


o 
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Amine. 

jj-Aminoaoetamlide. 

tjj-Aminodimetliylaniline. 

p-Aiiiinoacetopb.enoiie, 

o-Toltddine. 

m-Toluidine. 

p-Toluidine. 

4-m-Xylidine. 

o-Anisidine. 


p-Anisidiue. 

-Phenetidine. 
-Acetylamino-S-aiusidine. 
-AEoinoplieiiol. 
wi- Aminophenol. 

2 )-Aminop]ienol. 

Antliraiiilic acid. 

m- and p-Aminobenzoio acids, 

o-Aminosalioylio acid. 

Arsanilio acid. 

m-Phenylenediamine. 

p-PLenylenediamine. 

Benzidine. 

Tolidine. 

Dianisidine. 

o-Naplitliylainine. 

ar. -Tetrahydro- a-naphthylamine. 


/ 3 -Naplitliylamine. 


QXJINOLINBS 

Aldehyde. 

t Benzaldehyde. 
p-Tolualdekyde. 

Anisaldehyde. 

Benzaldehyde. 

Benzaldehyde. 

J (Pyruvic acid). 

\ Benzaldehyde. 

Benzaldehyde. 

(Pyruvic acid). 

Benzaldehyde, 
wi- Aminobenzaldehy de. 

, Piperonal. 
o-Naphthaldehyde. 

(Pyruvic acid). 

C Benzaldehyde. 

\ Piperonal. 
r Pormaldehyde. 

Acetaldehyde. 

J (Pyruvic acid). 

1 Benzaldehyde. 

V p-Iodobenzaldehyde. 

(Pyruvic acid). 

Benzaldehyde. 

Benzaldehyde. 

Benzaldehyde. 
f Formaldehyde (fails). 

J Benzaldehyde. 

[ Piperonal. 

Benzaldehyde. 

Benzaldehyde (fails), 
Benzaldehyde. 

Benzaldehyde (fails). 
Benzaldehyde (2 mols.). 
Benzaldehyde (2 mols.). 
f Benzaldehyde (2 mols,), 

1 Salicylaldehyde (2 mols.). 
Benzaldehyde (2 mols.). 
Benzaldehyde (2 mols.). 
r (Pyruvic acid). 

J Benzaldehyde. 

[ Cinnamaldehyde. 

Benzaldehyde. 

/ (Pyruvic acid). 

Acetaldehyde, 

Propionaldehyde. 
isoButyraldehyde. 
(Bnanthaldehyde. 
Crotonaldehyde. 

Tiglic aldehyde. 

Citronellal. 

Citral. 

Aldol. 

Furfural. 

Benzaldehyde. 

Salicyaldehyde. 

Anisaldehyde. 

Piperonal. 

Vanillin. 

Cuminaldehyde, 
p-Dimethylaminobenzaldehyde. 
^ Cinnamaldehyde. 


References. 

31, 35 

35 

35 

11 

22 

13 

3 
22 

13, 16, 21 

3, 37 

31 

27 

28 

13 

4 

27, 37 

30 

43 

16, 43 

4, 12, 43 

32 

14 

35 
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22 

12 
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27 

9 

9 

47 
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25, 36 

36 
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13 
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45 
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10 
10 
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41 

10, 41 
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10 
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DOBNER’S METHOD 


2ei 


Amdne^ 

1 : 4:-Diaminonaplithalene, 

6-Aminoq.uinolme. 

6-Aminoquinoline. 

Dohydrothiotolmdine. 

II, In addition, Borsche has described the following condensations {Ber., 1909, 42, 4072) 
(a) With phenylpyruvic acid, PhCHa-CO-COOH ; 

Amine, 


Aldehyde- 

References. 

Benzaldehyde (2 mols.). 

23 

Acetaldehyde. 

18 

Benzaldehyde. 

18 

Acetaldehyde. 

17 

Benzaldehyde. 

17 

Benzaldehyde (fails). 

44 


Aniline. 


CJ-, m-, and p-Toluidines. 
w-Nitroaniline. 

jS-Naphthylamine. 


Aldehyde. 

{ Formaldehyde, 
Benzaldehyde. 
p-Nitrobenzaldehyde. 
Salicylaldehyde. 
Anisaldehyde. 
Benzaldehyde, 
Benzaldehyde. 

{ Formaldehyde. 
Acetaldehyde. 
Benzaldehyde. 


(b) With o-nitfophenylptjruvic acid, NOa-CoH^-CHa-CO-COOH : 

Aniline. Benzaldehyde. 

f Formaldehyde. 
\ Benzaldehyde. 


j3-Naphthylamine. 


Yield of Quinoline. 
nil. 
nil. 
nil. 
nil, 
nil. 
nil. 
nil. 

22-25% 

40% 


nil. 

22 % 

33% 


(o) With henzoylpynivic acid, PhOO’CHa'GO'COOH : 


Aniline. 

j3-Naphthylamine. 


{ Benzaldehyde . * 
Anisaldehyde. 
Formaldehyde. 
Benzaldehyde. 


(d) With bensylpymvic acid, PhCHa-CHa-COfCOOH : 

Aniline. Benzaldehyde. 

m-Toluidine. Benzaldehyde. 

^-Naphthylamine. Benzaldehyde. 


nil. 

nil. 

34% 

25% 

13% 

18% 

67 % 


References. 

1 Dobner, Ber., 1887, 20, 277. * 1887, 242, 265. ^ 

* Dobner ibid 1888, 249, 98. ® Dobner and Kuntze, ibid., p. 109. F^t+liack 

22 3307 ^ Idem, S 1890, 23, 1228. « v. Miller, ibid., 1891, 24, 1900 » Dobner and Fettback, 

1894 281 1 P6bner, Bcr., 1894, 27, 352, 2020. , I^S^aer and 

la Claus and Brandt, ibid., 2S2, 85. “ Snnon Awi. cAim., 1896, Bischkopf, ibid!, 

Ber., 1898, 31, 686 “ 9 Q^ ^^is^wnieerodt Td v. Neander, ibfei., p. 2928. 

1900,38.677. ™gerodt and Jablowsk^^^^^^^ and Manginfoompi rend., 1907, 144, 1275. 

Qazz., 1914, 44, i, 64. h Ciusa and Zerbim, te., 

M. A. L., 1914, 23, ii, 265, Boehm and 4 k Halberkann, Ber., 1921, 54, 

1920, 60, ii, 317. Johnson and Adams, J. 1922, 124, 319 * 

Swolft &°f wS 6“T675^' Adams, / i. O. «•, 1923, «, 1313. 

* See SohiS and Gigli, Ber-.. 1898, 31, 1308, who also condensed aoetylpymTO ester mth ienaalamlme, 
but obtained only the diketopyrrolidine. 


2^2 quinolines 

RCOCH 

4. Beyer’s method: ^ 

Beyer’s modification * of the Dohner-MiUer synthesis consists in the substitution of a 
methyl ketone for the second molecule of aldehyde : ^ 

P ^ T? 

bo ^2 

I J\+CHO-E' \/\/® 

Thus aniline, methylal and acetone give lepidine; aniline, acetaldehyde and acetophenone yield 
2 -methyl 4 -phenylqumohne. It will be observed that the y-substituent is supphed by the 

ketone, the a-substituent by the aldehyde. 

Pictet and Misner ^ obtained 3-chlorolepidine from aniline, methylal and chloroacetone . 

CO*Me 

/N \CH,CI I'C' 

I I + CH(OMe)3 \J\/ ' 

The Ol-CHj-CO- is evidently more reactive than the H-CHj-CO-, for no trace of co-chlorolepidine 

is obtained. . 

Quinolines have been prepared by Beyer’s method m the following cases : 


Amine. 


Aniline. 


p-Toluidine. 

4:-m-Xylidine. 

5-m-Xylidine. 

p-Xylidine. 

p- Anisidine. 

p-Phenetidine. 

p-Aminodimethylaniline. 
ct-N aphtfiylainine. 

jS-Naphthylamine. 

Benzidine. 


Aldehyde. 

I'Pormaldeh.yde. 

J Acetaldehyde. 

I Acetaldehyde. 

I Formaldehyde. 

{ Formaldehyde. 
Acetaldehyde. 
Acetaldehyde. 
Acetaldehyde. 
Acetaldehyde. 
Acetaldehyde, 
f Formaldehyde. 
-I Acetaldehyde. 
[Acetaldehyde. 
/Formaldehyde. 
/Acetaldehyde. 
Formaldehyde. 
Acetaldehyde, 
f Formaldehyde. 


Ketone. 

Acetone. 

Acetone. 

Acetophenone, 

Chloroacetone. 

Acetone. 

Acetone. 

Acetophenone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 

Acetophenone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 

Acetone. 


References. 
2, 12 
2 
2 
8 

12 

5 

9 
13 
13 
13 

8 

7 

6 
12 

11 , U 

10 


Benzidine. Acetaldehyde. Acetone. 4 

References, 

1 Beed J w. Chem., 1885, 32, 630. ® Beyer, ibid., 1886, 33, 393; J5er., 1887, 20, 17CT. * 

Ohem., 1887, ' 35 ,* 298. * Schestapol, Ber., 1887, 29, 2506. ® Pfitzinpr, ^’a^ictet 

« Koenigs and Jaegl6, Ber., 1895, 28, 1046. ’ Koenigs and Menge/ 19M, 37, 132| 1 t^t 

and Misner ibid 1912, 45, 1800. ® Fischer, Scheibe, Merkel and Muller, J. pr. 

to Bull 80 c. chim., 1920, [iv], 27, 434. u PalSk^akd ^Harris’ 

2392. Mikeska, ibid., p. 2396. Mikeska and Adams, M., p. 2394. Palkin 

J. IM. Eng. Chem., 1922, 14, 704. 


and acetone — ^v^as described by Beed in 1885. 
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5. Riehm’s method from arylamines and ketones : C 


RGOGH 




N- 


-i: 


MeR 


A remarkable group of reactions involving ring-closure and elimination of a methyl group 
as CH4 "was discovered by Riehm in 1885. Engler and Riehm ^ heated together aniline hydro- 
chloride and acetone for three days, with or without AICI3, PCI5, etc,, and obtained 2 ; 4-dimethyl- 
quinoline and a gas which proved to be methane : 


Me 

60 

A +\ch3 

COMea 

NH, 


•Me 

\A 

/\/‘Me 
N ■ 


H- CH4 -H 2H2O. 


Acetanilide or benzanihde with acetone and zinc chloride at 200° gave the same dimethylquinoline 
in 8% yield. ^ Levin and Riehm® obtained 2 : 4 : 6 : 8-tetramethylquinoline in 30% yield 
from 4-m-xyndine and acetone : 


Me' 


•n 


Me 


Me 

60 

^CHg 
COMes 


+ 


Me 

Me*/AN 




/\/ 


Me 


Me 


N 


The recent experiments of Knoevenagel ^ upon ketone anils have suggested an explanation 
of these reactions. Knoevenagel has shown that excellent yields of 2 : 4-substituted quinohnes 
are obtained when the anils of acetone, acetophenone or methyl ethyl ketone are heated with 
HCl at 180-200° : 


R 


NPh 

CR 


NPh 

b’R 


A 4>CH3 
b^/N^CMeR 
N 

(2 mols of anil.) 


/X^/CMeR 
NH 



(R = Me, Et or Ph.) 


The p-tolils of acetone and methyl ethyl ketone behave similarly. Acetone anil is also converted 
into 2 ; 4-dimethylquinoline by heat alone at 280° (81% yield), by heating with phosphorus 
and HI (91% yield) and less smoothly by heating with AICI3. 

The acetone derivatives of methylaniline and methyl-^-toluidine, which have the structure 

1 Ber., 1885, 18, 2245. 2 Eiekm, Ann., 1887, 238, 9. » Ber., 1886, 19, 1394. 

* Knoevenagel and Bahr, ibid., 1922, 55, 1923 ; Knoevenagel and Goos, ibid., p. 1934; Knoevenagel, ibid., 
1923, 56, 2414. 
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Ax'NHe'CMelCHa, are demetliylated by HOI at 180-200° and tbe resulting acetone anil and 
acetcme _jo-tolil give quinolines in tbe usual manner : 


ArMe-CMelCHa ^ rArNH-CMerOHa + MeCl 
/ L 


Me 

i-NHAr 

(Me)/N \h 
L yOMe^ 
NH 


Me 

\/\/ 

N 


ArNlOMeg 


+ ArNHa + OH 


Mesityl oxide and aniline bydrocbloride yield 2 : 4-dimetbylqninoline at 180°, methane being 
evolved (but no methyl chloride). Phorone refluxed with aniline and a trace of iodine gives 
acetone-anil but no quinoline derivative. 

In the case of acetophenone-anil benzene is ehminated in the last stage in preference to 
methane * : 

Ph Ph p, 

t:iTPli C-NHPl , 

/\ \cH3 YY'm 

I /iN^MePh l^/!\/CMePIi ' 

N NH N 

4-PhNHa + CgHe 


The process is covered by D.R.-PP. 363582/3 of 1921, in which is described the preparation of 
quinaldines from aniline and p-toluidine with acetone and from aniline with methyl ethyl ketone 
and acetophenone. In each case the heavier group of the ketone supplies the y-substituent, but 
is eliminated as hydrocarbon from the a-position, leaving a quinaldine. 


6. From oxalacetic silver, aldehydes and arylamines : Ce 


GOOEt 

6o— CHCOOEt 

1 

"NH— CR 


Oxalacetic ester, COOEt-CHa-CO-OOOEt, is a carboxylated pyruvic ester and may be used 
in place of pyruvic acid in the Dobner synthesis. Simon and Conduche ^ showed that benzal- 
|S-naphthylamine forms an additive compound with oxalacetic ester, which is converted by 
cone. H 2 SO 4 into a dihydro-| 5 -naphthoquinoline. This readily loses two hydrogen atoms and 
gives 2-phenyl-;3-naphthoquinoline-3 : 4-dioarboxylic ester : 

p-CioH7-N:CHPh -I- GOOEt* CHa'CO-OOOEt. 


(fOOEt 

CO 


/N ^epH-COOEt 
NH 


(pOOEt 

^YYY'^c-cooEt 


COOEt 

\-GOOBt. 




Gompt. rend,, 1904, 139, 297. * A little s^mw.-triphenylbenzene is also produced. 


FROM OXALACETIC ESTER 


265 


As with pyruvic acid, there is here also a teudeucy to f orm diketopyrrolidines 


-CH,-COOEt 


00 — 

COOEt + CHPh 

// 

N-CioH: 


CO- — CH-COOBt 
CO CHPh 


CioH,n: 9- 
CioH^NIC 


-CH-COOEt 

CHPh 


"^CioH, 


and this limits the application of the method. 

a-Naphthylamine and amines of the benzene series give no quinolines, but the reaction succeeds 
with d-naphthylamine and benzaldehyde, anisaldeliyde or m-nitrobenzaldehyde. Piperonal 
gives only the pyrrolidine, while salicylaldehyde and vanillin yield no cycHc compounds ^ ^ 

Ciusa 3 from benzal-j5-naphthylamine and oxalacetic ester obtained, in addition to Simon s 
additive product, two by-products, 2 -phenyl-^-naphthoquinolinedicarboxylic ester and a 
compound, C 34 H 26 H 2 , to which he gave the constitution . 

OioH/fCHPh 

CioH,-N-CHPh 

■i.e. bimolecular benzal-jS-naphthylamine. _ j-js: 

Halberkann ^ prepared a quinoline from anisidine and oxalacetic ester alone by a qmte difierent 
reaction : 


MeO 


NH, 


(JOOEt 

CO 

'^CH, 


COOEt 

,./\ _i_ ^ 

COOEt — > 

N 

Two methods described by Thielepape ^ may be mentioned here. In the first, jj-anisidine was 
Condensed with acetone-oxalic ester, but no quinoHne derivative could be obtained : 

V CO-Me 

MeO-A . MeO/^ 


\/ 


•NH, 


CO-COOEt 




^9^2 • 

J\^C-COOEt 

N 


The second was more successful. Methylacetanilide was converted into the oxalacetic 
derivative by means of oxahc ester and NaOEt. The product gave A-methylcarbostyril- 
4-carboxylic ester when treated with cone. H^SO^ : 


/\ 


(jlOOEt 

COOEt 


9 H 3 

\A/"^ 

NMe 


NaOBt 




/ 


COOEt 
CO 

,NMe 
(33^ yield.) 


ITiiSO^ 


900Et 

/\/'^CH 

NMe 

Quantitative. 


^ Sehih and Pertmi, ^6?**, 1897, 30, 601. • ^ < j taq ^97 /4'W'W rhi^yh 

2 Simon and Conduch6, loc. cit.-, Simon anAMaugm CowpL rem?., 1906, 143, 

1908, [“i]. 13, 361. = W, 1022, 62, ii, 44? • Ber., 1021, 54, 3060. Ilnd., 1022, 55, 127. 
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7. From unsaturated ketones and arylamines : Gg 


RCO— CH 

}\ I 

Nnh— C 


Koenigs and Meimberg ^ obtained 4-pbenylqttinoline-2-carboxylic acid in 15-20% yield hy 
condensing together aniline and benzoylacrylic acid : 


GOPh 

\)\ + CH-OOOH 
NH, 


CO-Ph 

y\/CH‘COOH 


COOH. 


This reaction has been extended by Blaise and Maire,^ Aniline and vinyl ethyl ketone at 
45° form an additive compound, which may be more conveniently prepared by treating /?-chloro- 
diethyl ketone with two molecular proportions of anihne at 100°. This product is unchanged by 
the usual dehydrating agents, but gives 4-ethylquinoline when heated with anihne hydrochloride 
or diethylanihne hydrochloride : 


PhNHa -f CHalCH-CO-Et 


2PhNH, + ClCHa-OHa-CO-Et 


00-Et 

NH 


\/\/ 

N 


A mixture of aniline, anihne hyd?:ochloride and j3-chlorodiethyl ketone in alcohol, saturated 
with HCl, gives ethylquinohne directly, though in smaher yield (20%). Similar results are 
obtained .with methylanihne or anthranihc acid, and with anihne and vinyl propyl ketone. 

The method is a development of Beyer’s synthesis (sect. 4). 


8. From p -diketones or p-keto-esters ; 


R-CO— CH 

1g\ I 

\NH— G 


Acetoacetic ester reacts with anihne in two ways. In the cold the product is phenyl-^- 
aminocrotonic ester (the conditions for a quantitative yield have been worked out by Stark ®). 
At the boihng point, acetoacetic anihde is formed ^ : 


CHg-OO-CHa-GOOBt + PhNE^ 


PhNH-CMelCH-COOEt 
^ CH,-CO-OHo-CO'raPh 


1 JBer., 1895, 28, 1049. 
3 £er., 1907, 40, 3431. 


Oom'pt. rend,, 1907, 144, 93; Bull. Soc. chim., 1908, [iv], 3, 658, 667. 
4 Knorr, im, 1892, 25, 772, 





COMBES’ METHOD 

Botli products condense to quinolines when treated with cone. H^SO^ 

COOEt 


%m 


(i) 


(ii) 


COOEt 

V 

\/CMe 

NH 


OH 


( 


CO-Me 

\/\/C0 

NH 


N 
Me 

/\A 


-Me 


u 


\/ 

N 


■OH 


{a) Heaction (i) was used by Conrad and Limpach ^ for the synthesis of 4-hydroxyquinaldines- 
from a variety of arylamines. Condensation may be brought about by cone. HgSO^ or by 
boiling dilute HCl or by heating for a very short time at 240°. 

Benzoylaoetio ester behaves rather differently from acetoacetic ester,- the unsaturated 
phenylamino ester being readily formed even at Mgher temperatures. Cone. HgSO^ converts 
the product into the corresponding 4-hydroxyquinoline ^ : 


PhNHa + PhCO-CHa'COOEt 


COOEt 

A V 

NH 


OH 


N 


•Ph 


Wislicenus ® has similarly obtained quinohnes from formylphenylaeetic ester, 
H’CO*CHPh*COOMe, with aniline and with p-xylidine. 

/3-Diketones, such as acetylacetone, also react with arylamines to give unsatuiated amines 
readily convertible into quinohnes by means of cone. H 2 SO 4 . This reaction was first used by 
Combes * : 

COMe 

V 


PI 1 NH 2 + CH3COCH2COCH3 


‘\/CMe 

NH 


k 


/\/ 

N 


Me 


and is the best method of preparing 2 : 4-dimethylquinohnes.® 

Quinaldines substituted in the 4-position by a hydroxyphenyl or alkyloxphenyl group have 
found application in medicine. They are most readily prepared by Combes’ method ; ® 

PhNHa -f m- or p-EO-C 6 H 4 -CO-CH 2 -COCH 3 — ^ 


/' 

k 


CO-CeH4-OE 

V 

/CMe 
' NH 


C6H4-OE 


HjSO* 


HBr 


/X/N 


C3H4-OH 




SO.H 


•Me 


\ 


N 


N 


■Me 


(E = Me or Et.) 

X B,r 1887 20, M4, 943, > Knorr, Am., 1888, 215, 378 J See also Bomer, Di,m. W^,rzbmg, 1809. 

• Cowipi. Kni,,1887 IM 01; t. Braan, Gmelin and Sohnlthei®, 

bJ., “^Shom a^djSlfe,S."S4:27, 907, 3035; D.R.-P. 79173. 
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m-PlLenylenediandiie reacts witli two molecular proportions of acetylacetone, but on ring- 
nlosure half the diketone is regenerated and the product is 6- (or 7-) aminodimethylqmnoline ; ^ 


m-C,H,<NH' + 2 OHs-0O-CH,-CO-CH3' 


CO-Me CO-Me 
OH /\ ^CH 


NHaMe 


\/\/' 

N 


23 -Phenylenedianmie fails to give a quinoline derivative.^ 

Billow and Issler ® condensed m-aminophenol with several diketones, obtaining the corre- 
sponding hydroxyanilides in 60-80% yield. These were converted into quinolines (25-48% 
yield) by passing HGl gas into the solution in acetic acid. 

( 6 ) As has been mentioned above, the normal anilide of acetoacetic acid yields 4-methyl- 
oarbostyril when treated with cone. H 2 SO 4 . Knorr * applied this method to a number of 
^rylamines. A considerable improvement was ejected by Ewans and King ; ^ the anoine is boiled 
with the keto-ester for a few minutes only (instead of several hours at 160-160°) and the anilide 
,so obtained is warmed at 100 ° for 10-16 minutes with cone. HgSO^ (instead of being poured into 
the cold acid). Under these conditions the yield is 66 % in the first stage and quantitative in 
/ the second. 

/ Oxalacetio ester (but not a mixture of pyruvic and orthoformic esters) condenses with p- 
^ n,nisidine to give 6-methoxycarbostyril-4-carboxylio ester : ° 

COOEt 

Jq COOEt 


From acetonedicarboxylic ester and aniline at 10Q° Besthorn and Garben ’ obtained a mixture 
of anil ide, dianilide and ^fejanilide, each of whacTisconverted by cone. H 2 SO 4 into carbostyril- 
4-acetic acid : 

CO-OHaCOOEt COUHa'CONHPh ^ CO*CHj*CO-NHPh 


XA/co 

NH 


A 

k^^\/C-NHPli 


3H,-COOH 


\A\A 

N 

1 Marokwald and Schmidt, Ann,, 1893, 274, 367-376. * . 3 Ber., 1903, 36, 2447, 4013. 

* Ibid., 1884, 17, 2870; Ann., 1886, 236, 69-116; 1888, 246, 357-388; D.R.-P. 26428. 

• J. G. 8., 1913, 103, 104. ® Halberkann, Ber., 1921, 54, 3090. ’ Ihd., 1900, 33, 3439, 3448. 



KNORR’S METHOD 


2m 


3-Metliy%ci!opeiitanone'-5-oarboxylio ester is a cyclic substituted acetoacetic ester aud bas 
been oouverted into tbe corresponding carbostjncil by Dieckmann : ^ 

CHsj-CHMe 

CO OHa 

¥ _ 

NH, NH . Y 


CHa-CHMe 
PhNIC CHa 

/\ \h 


CHj-CHMe 

I CH, 

A/V • 

•OH 


Tbe following condensations bave been described : 
i. y-Eydfozyquinolines from ^-1ceto~ester$ {Conrad and Lim^ach’s method) 


Keto-ester. 


Acetaoetio ester. 


Metbylaoetoacetio ester, \ 
Etbylacetoaoetio ester. J 

Formylacetio ester. A 

Benzoylacetio ester. 

^-Phenylamino- a-bromocrotonio aoid. 


Amine. 

Aniline. 

0 - and p-Toluidines. 

4-m-Xylidine.' 

;|/-Cumidine. 

0 - and p-Anisidines, 

m-Aminopbenol. 

a- and ^-Naphthylamines. 

.1 : 4-Diaminonapbtbalene (double). 

Aniline. 

( Anilme><A 
i p-Xylidine. 

1 4-m-Xylidine (fails). 

Aniline. 


References. 
2, 3, 4, 10 
6 

6, 13 

5 

6 
8 
5 

11 


9, 12 
12 
13 
6 
1 


References. 

2 Conrad and Limpacb, ihid., 1887, 20, 944, 948, 

Conrad and Limpacb, JBer., 1888, 21, 523, 1649, 1965. 

® V. Pecbmann and Scbwarz, 
10 Stark, Ber., 1907, 40, 3431. ii Mnger 


0 Knorr, 
0 Knorr, 


1 Knorr and Antrick, Ber., 1884, 17, 2870, 

a,nd°Smp«h, 24 299a 

SS'sSf ’ “&ri809, Z:. 1917, Z 248. - Sp»th, M^aUK 1919, 

40, 93. 

ii. 2', ^-Substituted quinolines from ^-dihetones {Combes’ method) ‘ 


Diketone. 


Acetylacetone, 


Metbylacetylacetone. 

Poripylacetone. 

Bonzoylacetone. 

m- and p-Metboxy- and 

0- and p-Etboxy-benzoylacetones. 

Propionylacetopbepone. 

Butyrylacet'opbenone. 

Benzoylacetopbenone. 

Oxalacetio ester. 

Acetoneoxalic ester, , 


Amine. 

’'Aniline. 

o-Toluidine. 

p-Toluidine. 

- p-Anisidine (fails), 
j m-Aminopbenol. 
m-Pbenylenediamine. 
Ip-Phenylenediamine (fails). 
Aniline. 

Aniline (fails). 

{ Aniline. 
p-Toluidine. 
mAminopbenol. 
p-Anisidine (fails). 

Aniline. 

m-Aminopbenol. 

p-Anisidine (fails). 
p-Anisidine (fads). 


References. 

1, 8, 10, 13, 14 
1 

1, 9, 11 
8 

7 

3 

3 

1 

12 

2, 5, 10 
10 

7 

5 

4, 6 


12 

12 


1 Ann., 1901, 317, 91. 
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^ Combes, Com ft. rend., 1887, 106, 14S; Bull. Soc. cMm., 1888, [iii], 49, 90. ® Beyer, Ber., 1887, 20 

1767. ® Marckwald and Schmidt, Ann., 1893, 274, 367. ^ Besthorn and Jaegl6, Ber., 1894, 27, 907^ 
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iii. a-HydroxyquinoUoies (carbostyrils) from ^-Jceto-esters {Knorr's method ) ; 


Keto-ester. 


Acetoacetio ester. 


Methylaoetoaoetic ester. 

Bthylacetoacetic ester. 

Formylphenylacetio ester. 

Oxalaoetio ester. 

Aoetonedicarboxylic ester. 
3-M6thylcycZopentanone-5-carboxylic ester. 


Amine. 

' Aniline. 

Methylaniline. 

o-Toluidine. 

m-Toluidine. 

p-Toluidine. 

Xylidines. 

Cumidine. 

/3-Naphthylamine. 

Anthranilic acid. 
4-Methylanthranilio acid. 
OT-Phenylenediamine. 

2 : 4-Tolylenediamine. 

1 ; 6-Diaminonaphthalene (single). 
> Benzidine (single and double). 
Aniline. 

Anthranilic acid. 
4-Methylanthranilic acid. 
OT-Phenylenediamine. 

Aniline. 

f Aniline. 

\p-Anisidine. 

/Aniline. 

\OT-Phenylenediainine. 

Aniline. 


References. 

1, 2, 3, 4, 7, 21 
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2, 8, 17 

2, 3, 8, 17 

2 

2 
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2, 9 
9 
10 
10 
16 
12 
8 
9 
9 
11 

18 

20 

19, 20 

13 

14 
16 
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Kjr. 


COOHC 

9. From anilides etc. of malonic acid : 

By the action of PCI 5 upon the semianilide of malonic “ acid Riigheimer ^ obtained 2 : 4- 

dichloxo^uinolme: 0 H /”f 

The method has been extended by Riigheimer and Hofmann ^ to the p-toliiidide and by Riigheimer 
and Schramm ^ to the anilide of ethylmalonic acid, the products being respectively . 


Cl 


Me' 




!C1 


aoid 


OH 

r Y v®* 


Kayser and Eeissert * obtained only a small yield of i^-methyl4-bydxoxycarbostyril from 
metbylaniline : C(^CH,_ 


COOEfC 

10. From aromatic imide-chlorides and malonic ester : 

Jnst ^ obtained qninobne deriyatiyes by beating to 140-160» tbe condensation prodnots of 
Bodiomalonio ester with aromatic imide-chlorides : 


ArNH-COPh 


POl, 




ArN'.CGlPh 

COOEt 

/\ \cH*COOEt i^-ico” 


OH 


(Me), I i 
N 


(Me) 


/ 




■COOEt 

•Ph 


(Ar = phenyl or p-tolyl.) 


■’TT” — 


H X*C 

11. From arylamiJies and trimethylene dihaHdes j Gg/ + V} 

\NH X*g/ 

The julolidine synthesis (p. 389) leads to a tetrahydroqmnoline when applied to o-tolnidine : * 


ClCHo 

BrCH, 
iko ™CHO 


CH* 

VA/CiH, 

Me m 


KindfiMZ and ^arnack ® condensed aniline with trimethylene chlorohydrin and isolated both 
the seoondaiy and the tertiary amines from the product. The former was converted by F«0« 
mto tetrahydroq.mnohne, the latter into julolidine : /as 

PhOTj, + CICHa-CHa-CHaOH ^ Phhr(C%CHg*CHaOH), 

n rr ^CIL^CE. 

WW4<Nl-f-CHg •’ 

Epiohlorohydnn and diphenylamine similarly yield a tefcrahydroquinoHno ; ^ 

ClCHa^CHOH 


CICHj--CH 
4- 0<C| 
\NHPh CH« 


CVHbv 


'■NPU-iH 


/CH,-CHOH 

c-h/ I 

^NPh-CH. 


whle from formanilide and diohlorohydrin Bamberger and Kitschelt * obtained after dehydration 
a mixture of qumolme, soatolo and aniline : ' uranon 

PbNH-CHO + ClCH,-CHOH-CH.C!4-NaOEt — >• 

EtO-CH,-CHOH „„ OII-Cir,-CHOH 

■NH iff, ^ (!l 








w 




':k 


/Ch:ch 

°“®‘\n=c!h4 


/ « 1^20. 
* Bar., 1804, £7, 0421. 


* Pinkua, Ber., 1892, 25, 2801, 
» D.R..P, 284291. 
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/PhCO-CHg 

12. From acylanilines and acetophenone : Ce<f 

\NH— COR 


Spallino and Salimei ^ synthesised 2-niethyl-4-phenylqmnoKne by heating a mixture o£ 
acetanilide, acetophenone and zinc chloride at 250-300° for four days ; 


COPh 

/\+\cH3 

W\/OOMe 

NH 


COPh 

kA/™' 

NH 


y 


Ph 


■Me 


N 


Benzandide similarly at 200-230° gives 2 : 4-diphenylq[uinoline. 

Formanilide ^ reacts quite difierently with acetophenone, the product being not 4 -phenyl- 
but 2 -phenyl-qninoline. The process is similar to Bernthsen’s acri^ne synthesis : 



13. From o-nltrocinnamic acid etc. : V 

^^NOjGOOH 

As early as 1852 Chiozza ^ reduced o-nitrocinnamic acid with NH 4 SH and obtained 
carbostyril ; 





ntr 

Y V 

y\ COOH 
' NH 2 



^ Oazz.f 1912, 42, 607. ® Pictet and Barbier, Bull. Soc. cMm.^ 1895, [iii], 13,r26. 

» Ann., 1862, 83, 117. 


18 


QUINOLINES 


274 

Tiemann and Oppermann^ used ferrous sulphate and baiyta. With alcoholic ammomum 
sulphide there is formed in addition W-hydroxycarbostyril : * 



Electrolytic reduction in sulphuric acid gives 6-hydroxy-2"aminooinnamic acid, feom which 
6-hydroxycarbostyril is obtained by the action of cone. HCl at 160° : * 


CH 

L COOH 
NO. 


CH 

A COOH 
' NHOH 



Stoermer and Heymann ^ showed that ordinary cinnamic acid {is. tram, m. p. 240°) givw by 
nitration and reduction a stable o-amino-derivative, whilst al/o*cmnamic acid (w, m. p. 143°) 
gives carbostyril directly. 

o-Aminocinnamio acid may be prepared from o-chlorocinnamic acid by heating at r2S»l30° 
with ammonia in the presence of copper.® At a higher temperature, 160-170°, the product is 
carbostyril. 

o-Nitrooinnamic ester was reduced to carbostyril by T. M. Morgan ® and by Friedlander and 
Weinberg,^ who also prepared the iV-ethyl compound and dihydrocarbostyril : 




CH: 

NO, 


M 

iooEt 

I 2Iq -f- 
1 cold HCl 


+ nTr^^H=CH 

ftio.uoi ® COOEt 


beat 


C,H*< 


CH= 

NH- 


JO 




Hh Utl 


. ^ .CHa- 


CH=CH 


bt«t 


NHEt COOEt 


C*H4< 


.CH= 

Nit- 


Decker ® converted the two nitro-o-aminocinnamic acids into the corrwponding nitrocarbostyrib. 
a-Pbenyl-o-nitrooinnamic acid reduced with sodium amalgam yields 3-phenyicarbostyriI : * 



JBer., 1880, 13, 2070. 

..nl Ostennaier, ibid., 1881, 14, 1916; 1914, 47, 3369; Nkraeatowskf, iMd., 1907, 40, 

^293* iQio AK oAoo '' <>^ttormana,tm, 1894,27, 1036;B.It.4\82^^^ 

. ’ 5er., 1882. 16. 321 

» OgHaloro and Rosmi. Qazz., 1890, 20, 396. ^ ^ 
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H. Meyer « aed 


n TT ^CH — C*COOH 
“ COOE 


Zn + acetic 





n H ^CHrC-COOH 


OH 


n TT ^ch:c-cooh 


The pyrazole obtained from o-nitrobenzoylacetoacetic ester and phenylhydrazine behayea 

as an o-nitrooinnanno ester on reduction with SnCL : ^ 

2 * 


PhN- 

d 


/y\/ 

\/\ COOEt 
NO, 


-N 

CMe 


PhN — 

II 

CMe 

(X> 

N 


14. From o-nitrophenylpropionic acids etc : Ce*^^^ 2 ~CHR 

COOH 

Dihydrocarbostyril results from the reduction of /9-o-nitrophenylpropionic acid : ^ 

C«H^<^^2~?^2 . n TT CHo-CH, 

NOg COOH ^®^^^!N‘H‘CO • 

The same compound was prepared by H. Meyer and Beer « by the action of ammonia and copper 
upon o-ohlorodihydrocinnamic acid. Baeyer and Jackson ’ obtained 3-ethyldihydrocarbostwil 
from /9-o-nitrophenyl-a-ethylpropionic acid : 

“ COOH ^ . 

Tlie tydrobromide of o-nitrocmnamio acid is converted by NaOH into a lactone which mav be 
reduced to dihydrocarbostyril or to 4-hydroxydihydrocarbostyril.® , 


n TT ^ch:ch-cooh 

HBr 

^ 


/OH — OIL 
ObHZ '^oJ 

^NOa •'CO 

Za-f-HOl 

V 

.OH, -OH, 

c,h/ \ 
^m-co 

+ acetic acid 

I^FeSOi + AmOH 



Cjj^CH(OH)-9Ha 

CO 

heat 
^ 

ch:9h 

W«-4Cujj.0o 


NaOH 


-> 


^ J.C. 8., 1885, 47, 155; 1888, 53, 143, 

* Knorr and Jodioke, ibid., 1885, 18, 2262. 
® Monatsh., 1913, 34, 1173. 


XiJXOf 0*365 JLX/O. 

« Eiuhom, ibid., 1883, 16, 2212; 1884, 17, 2011; D.R.-P. 28900 


2 Monatsh., 1908 28, 47. s 4 ^^ 2 ggg_ 

ulaser and Buchanan, Zeitschr. f, Chem. 1869 164 
’ Ber., 1880, 13, 115. ' ’ 
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The corresponding 6-oliloro- and 6-inetlioxy-derivatives were obtained in a similar manner from 
2-nitro-5-ohlorocinnamic acid by Binhorn and Eichengriin,^ The chlorine atom, being para 
to a nitro group, is readily replaced by ‘OMe by the action of potassium methoxide. 
o-Mtrobenzylmalonie eater is also a source of dihydrocarbostyril derivatives ; * 


n rr ^CHg—CH'COOEt + 

« GOOEt «io.noj 


fitr ♦nTJ, 

® ^^NH-CO 


GOOEt 


The 0 : o'-dimtrodibenzylmalomc ester gives two interesting compounds. By reduction it k 
converted into 3 ; SGStsdihydrocarbostyrilspirane : ^ 


GOOEt NOj. 

.jj GHa--G 

^’■^‘^KOa GOOEt 


CJI 


GO*Nli 
O 




Warm caustic soda, on the other hand, hydrolyses oS the two *€OOEt groups and by internal 
oxidation of the •OHa* groups at the expense of the ‘NOg groups forms a quindoline derivative ; * 



A similar double condensation, leading to a sptVo-bwrcarbostyril, has recently been deacnbed 
by Eadolesou ; ® 








\ X \ 

n:C'OH oh*€:n 


‘NIL. 


The product, though it contains no asymmetric atom, has been iwolved by means of bromo- 
camphorsulpbonic acid, Possible only one of the carbonyl groups is enolised. 

The anhydride of o*hydratinodihydrocinnamic acid, namely, iV-ammodihydrocarbostyril, 
is formed from the hydratino-add by the action of HCl t ^ 


• *^NH COOH 

NHa 




i JBen, 1890, 28, 1489; D.B.-E 65119. 

* Eelsaert, idid., 1890, 29, 665; l^uchs and v, Katinaky, i6id., 1922, M, 720. 

® SoWeioh, mi., 1887, 20, 437; KMoJ^u, mi, 1911, U, 1024; I^uchs and v. Katinaky, 

1922, 66. J16. 718. * Kohter and Boehrinpr, md., 1906, 89, 8931 

» 1923, iii, 130, • flsohor and Kuael, .dan., 1883, ^1, 261. 
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15 . From o-aminobenzoylacetic acid and its derivatives ; ? 

^ ■ NO2 GOOH 

Erdmann condensed anthraniUo ester witli acetic ester in the presence of sodium. The 
resulting o-aminobenzoylacetic ester was readily converted by heat into 2 : 4-dihydroxy(iuinoline : 

CO OH 

CHj, iTa /\y^\ 


x/ 


•COOMe . 
•NHo + I 


CHg 
ioOEt 


9H2 
'\ COOEt 
NH, 


\y 

N 


■OH 


^ o-aminophenyl- 


CeH,<C-— 9 


rcA<“~9H. 1 

L ^^HH. COOHJ 


HHa COOH 

When dilute HCl is used the product is 4-chlorocarbostyril : 

91 

z(f - ' - 




■C: 

NH, COOH 


HOI 


COOH 


c,h,<c(0H):9h 
* N=C-OH 


9> 

CeH,<c:9H • 

KC-OH 


HeEer and Tisolmer > reduced o-nHrophenylptopiolio acid by means of zinc and ammonium 
chlonde to homoanthioxamc acid. This on further reduction irith zinc and acetic add naye 
o-ammobenzoylacetic acid and hence 2 : 4-dihydroxyquinoline : . ® 

.C-CHa-COOH OH 

Homoanthroxanic acid. 

a-o-Nitrobenzoylpropionic ester was reduced by Gabriel and Gerhard with HI and PHJ ; * 

^ C,H,<CO-'?HMe 


P w ^CiC-COOH 
^8“l<lfO, 


o.r/ ' 


CeH.<“-9H8 

* HHjCOOH 


WJJL 

c.h.<<^:9h 
® ^^h:c-oh 


n tt ^CO— CHMe 
® ""^HOa COOEt 


"NH-CO 


The reduction of o-nitrobenzoylmalonic ester has been described by Bischofi ^ and by 
Gabriel : ® 


CO 


\/\ 

NOg 


)H-COOEt 

COOEt 



OH 

f^Y\000Et 

I^^I^^I.OEt (Small yield.) 
N 


OH 


ry, 

\y\x 


Lqjj (80% yield.) 


1 Ber., 1899, 32, 3570. 

3 TU'JJ 1 AAr^ mA ofxxvx jL/xvojLiij ’(,u 

s Ai 1889 Ciamps, iUd., 1901, 3^ 2716. * Ihid., 1921, 54, 1070. 

Ann., 1889, 251, 360, 366, 376. « ; 15 qq^ 


2 Baeyer and Bloem, ibid., 1882, 15, 2147, 2151. 
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Gabriel and Tbieme ^ used this method for the synth^s of 6-methjlquinolina ; 



S-0yan0"2 : 4-dihydroxyqumoline was obtained by Gabriel* by the action of wami aoeti« 
add upon the partial hydrolysis product from o-phthalimmoben«oyloyaaaoetic ater j 


ooM NflOH 


CO 

/V^CH-CN , 

\/\ COOEt •«**«««*» 

C0>C,H4»C00H 




OR 


16. From p-o-nltrophenylated ketone* : I 

^NHa C 

The reduction of o-nitrobenzylacetone gi’ves tetmhydroqumaldine : * 

‘ ‘^NO, io-M« ^ 

oomsponding 7-&mino derivaf^ve from 2 : 4-dinitrobenaylaceUim*, 
The reduction of o-nitrobenzalaoetone * or its dibromide * yields quinaldine : 


C H ^CH=CH 
* *^NO, COMe 


SftfHCl 


'* *^N=CMe 


o-Nitrob^lacetophenone similarly gives 2-phenyIquinoliae,’ and from nitropifM'romdrtretune 
rlaber obtained 6 : 7-methyIenedioxyquinaldine. 


] Ber., 1919, fig, 1086. 

I F- 1W4. 71. 39. 

« Eeber, Bm, 1911, 44, 2110. 


* 5-1, IMO. * Jaciwan. iMd., 1881, 14, 889. 

OrewBon, Met,, 1883, 16, 1898; O.K. I*. 22138. 

’ Goldsohmidt, im. 1895, gg. 986. « /W,|, mil, M, ( 
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Heller, Lauth and Bncliwaldt i find that rednction at 0° converts o-nitrobenzal-etliyl metliyl 
ketone into the o-anuno-oompound, whilst at 16° the product is 2 : 3-dimethylqninoline : 

^ CH=CMe 

n H ^CH=:CMe z^+hoi OOMe 


"m. OOMe 


^ ^CHICMe 
’"6^4<]srrz6Me 


qniTafl^^kS^^^^ to l-hydroxy- 


CjH4<C 


,OH: 
m CO-COOH 




OB.~ 

■NHOH 60-C00H 




.ch:ch 


H— C(OH)-COOH 
OH 




OH 

.6=oh 

N^C-COOH 


y. MiUer and KinkeKn » prepared S-nitroqninohne by the action of alcohoHc ammonia upon 
3“mtro-2-methoxyoinnamio aldehyde : 

CH 


Q -CH:CH*CH0 mi, 
•OMe 

NOg 





9H 

CHO 






With these reactions may be classed Stobbe’s preparation of 6 : 6 : 7 : S-tetrahydroquinolines 
by an extension of the Knoevenagel pyridine synthesis (p. 210) : « ^ 

CHMe CHAr 

/\/\ 

OH^ CH CH^ 

. - . -- CHg C COPh 

CHg NOH 


OHMe 

OHaCO + 

/ 

IHj 


CHAr 
H 

OPh 


CHMe CHAr 

/\y\ 

CHa CH CHa 
CHa CO COPh 

\y 

CHa 


+NH,OII 
^ 


CHMe CAr 

/yyy 

OHa CH 
CHa 0 COPh 

xy 

CHa NHa 


CHMe CAr 

/\/\ 
CHa f] CH 

CHa C CPh 

\/\y 

CHa N 


(Ar = -CeHs, 3 : 4-CH2<^>C5H3', p-MeO-CgH^.) 

In these products the methyl group may be in position 6 or 7. 

p. 267r&8htA,! 26ft *”’■ ’ ‘ Eosenbarg, p, 260; Striegler, itid.. 
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The reductioE of o-nitrobenzyl derivatives of /J-keto-esters gives mterating resiilts. The 
ketonio carbonyl reacts in preference to the ester group, wbiob is easily hydrolysed of. Jaemsch ^ 
reduced o-nitrobenzyl-methylacetoacetio ester with P and HI, and obtain^ 2 ; S^dimethyi- 
quinoliue (not the dihydro-oompound) : 


« .CH»— 0Me*C00jEt 

ioMe 


C,H.< 


CHa'CMe 

NH“GMe 


C,H4< 


CH:CMe 

H=CMe' 


Gabriel and Wolter ® obtained a spiro-compound by the reduction of the di«[nitrobenzyI]-deriv- 
ative with SnCljj and HOI in acetic acid : 


CA<( 


CHa 

m 


7\ 

doM^ 


- CHj. 


s 


BnOI, 


0 COOBt HO. 


CihZ y\ Xh, 
co-nh/ 




By “ ketonio hydrolysis ” the nitrobenzyl esters are converted into nltrobenzylaoetones, which 
also give quinolines on reduction : ® 


COAr 
(Ar « Ph. 

"CH, 


n Ti ^oh:ch 
^*^N=CA r 
(Jaeniach.) 


(R ^ Me, Ph.) (Gabriel and Wolter.) 


•v-» 


OIL 


N=:0R 


The so-called “ lactic methyl ketonea ” obtained from o-nitrobenzaldehydes and acetone 
naay also bo converted into quinolines by reduction : * 


CHOH 

lOMe 
Oa 



\( 


nine + 
— - — 
WKtIo nci«I 


OHOH 




2 : 4-Dmitrobenzaldebyde ® and nitropiperonal * have similarly been condensed with acetone 


“ Gabriel and Wolter, loc, cU . ; Jaeniach. Iw;. (rit, 

* Heller md Bourlla, Ber„ 1008, 41, 2692; D.R..P. 89918. 

^ Brannhok, J. G. E., 1922, 121, 169. 

« Herz, Per., 1905, 38, 2855; Borsche and Quest, iWd., 1919, 82, 432 . 
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and reduced to quinaldines or 4-liydroxyqiiiaaldines.' Book ^ has reduced the lactone obtained 
from nitro-opianic acid and acetone : 


gooH 


MeO 

MeO 


0^ 


OHO 

NO, 


+ acetone 


gooH 


MeO 

MeO 


•k 


Sn + HOI 


-> 




. COOH 
J CHOH 

y\^CMe 

N 


•CH(0H)-CH2-C0Me 

NO 3 


) 0-0 

Ah 

" \ /\ COMe 
NO 2 


MeO- 


COOH 


MeO 

OH 


(XX- 

N 


Nitropiperonalacetophenone ^ gives a 50% yield of the corresponding 6 : 7-methylenedioxy- 
2-phenylquinoline. ' 

The condensation product of o-nitrobenzaldehyde and propionaldehyde is reduced to /5- 
methylquinoline without production of the 4-hydroxy-derivative : ® 


n rr -CH(OH)-gHMe 

Aho 


p TT ^CHICMe 
« ^^N=CH • 


o-Nitrobenzoylacetone is converted by SnCl 2 or by P and HI into a quinaldine derivative ; ^ 

.00— CHa 


CeH4< 


NOo COMe 


nTr^C(OH)::CH 

\o/ 


and similar ring-closure is observed with the o-nitrobenzoyl derivatives of cyanoacetophenone, 
acetophenone and benzoylacetic ester : ® 


C6H,< 


CO— CHR 
NOa COPh 


C6H,< 


0(0H)=C-R 


'N= 


)Ph • 


(R = -ON, -COOEt or -H.) 


In the case of acetophenone, as with acetone, the product is the oxido-compoxmd, which must be 
further reduced to give the quinoline. McClusky,® who studied the reduction of o-nitrobenzoyl- 
acetoacetic ester, prefers for the oxido-compound the structure : 


^CO-CH-COOEt 

I I 
0 


^ Ber., 1902, 85, 1498 ; 1903, 36, 2208. ® Borsclie and Quast, loc. cit. 

^ Heller, Ber., 1910, 43, 1916. * Gabriel and Gerhard, ibid., 1921, 54, 1071. 

® Idem, ibid., p. 1613, s J. A. C. S., 1922, 44, 1575. 
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Mention may also be made of Earcber’s synthesis of pmqpmddlim : * 




pedQm{»ddim. 


17. From o-nitrocinnamylidene-acetone : 



By reduction of the condensation product of o-nitrocinnamaldehyde mtk acetone Fischer and 
Kuzel ^ obtained aeetonylquinoline ; 


CH CH 



Bing-closme occurs by addition at the double bond adjacwit to the ketone group, probably by 
1 : 4 addition and isomerisation of the enohc form so produced. 


18. From derivatives of 0-o-amtoophenylpropionitrlIej CL<^ } 

\nH* 

Eing-olosuxe by addition of *NH, at a ‘CSN group occum when certain o-nitro-nitrilM art 
reduced or when the corresponding amines are liberated from their acyl derivatives. Thus 
Psohorr ® prepared 2-amino-3-arylquinoUn^ from acetyl-o-aminobenzaldehyde and arylaoeto- 
mtriles : 

Xo 

(Ar = Ph or p-SO.-C,H,.) 

The acetyl group is transferred during the reaction from the Ima basic to the more strongly basic 
group, and by prolonged action of the cold alkali or by warming at 100® it may bo removed 

^ J^ocftr. K* Qita, Wks, Qmingen, 1921, 154, * JSer., 1883, 18, 163, » I8i8, 81, 128®. 
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altogether. The intexniediate anuno-nitrile is isolable in the case of the ^-nitrophenyl compound, 
but benzyl cyanide gives 2-amino-3-phenylq[mnoline directly. 

Acetonitrile itself fails to react with acetyl-o-aminobenzaldehyde, but its o-nitrobenzal 
derivative may be reduced, aoetylated and then converted into an aminoquinoline : 


nrT^OR—CB. 

® ON 


n TT ^CH=CH 

* CN 





.CH: 


C6H,<: 


:9H 

NHAc CN 

^alkali 

.CH=CH 


i-NH, ’ 


N — 


Similarly, the arylsulphonyl derivatives of acetonitrile have been condensed with o-nitro- 
benzaldehyde and reduced to a-amino-/5-arylsulphonylquinolines by Troger and Koppen- 
Kastrop : ^ 

.CHO , CH,-SOoAr . ^ 


+ 9^2* 

® ^ NO2 CN 


® ^ NO2 CN 




CHIC-SOaAr 
N=:C-NH2 ‘ 


The reduction of o-nitrobenzoylcyanacetic ester with HI and phosphorus yields 2-amino- 
4-hydroxyquinoline, the ester group being hydrolysed off : ^ 

n rr ^co— CH-COOBt Hi+p ^ „ no-CH2 

The same product is obtained from o-phthaliminobenzoylcyanacetic ester by hydrolysis : 

PH-COOEt 


C TT ^GO 

C 0 < >C 0 


-CH*( 

CN 


o TT <<^^*9^2 


19. From o-aminobenzaldehydes : 4- 

NHg ^ CO'R 

This important synthesis was discovered in 1882 by Friedlander,^ who condensed o-amino- 
benzaldehyde with acetaldehyde in the presence of a trace of NaOH at 40-50° ; 


CHO , CH3 




The reaction appears to be quite general, though the yields vary considerably. Propionaldehyde 
gives very little /9-methylquinoline by Friedlander’s method,^ but by slowly heating o-amino- 
benzaldehyde with propionaldehyde alone to 220° Wislicenus and Elvert ® obtained 80-86% 

1 J. pr. Ghem., 1922, 104 , 335. * Gabriel, Ber., 1918, 51, 1600. ^ lUd., 1882, 15, 2672. 

* Koenigs and Bischkopf, ibid., 1901, 34 , 4330. ® Ihid., 1909, 43 , 1144. 
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yield of the /J-methylqmnoline. In the presence of 1% KOH the main product is the oily 
propylideneaminobenzaldehyde, which may be converted into the quinoline by distillation ; 





CHO 


M 


n „ ^CHrCMe 


'N^CH 


Good yields were obtained by a similar method from butyraldehyde and mnanthaldehyde,^ 
Ketones give better results than aldehydes with NaOH. Acetone yields quinaldme and 
acetophenone 2-phenylquinoline.^ In the case of ketones of the type MeCO*CH,E, the methyl 
group takes the a~position in the resulting quinoline. Thus methyl ethyl ketone * giv«! only 
2 : 3-dimethylquinolin0 and no 2-ethylquinoline : 


Cijj CHO CH«-R' 
« ^ CO*R 




CJL< 


CHiCir 

'N=:CR 


R and R' may also be negative groups, Chloroaoetone (R Me, R' « Cl) yields S-hydroiy- 
quinaldine, the Cl being hydrolysed to /^-Nitroquinolines nmy be obtained from metb- 

azonic acid, NOHIOITOIRNOOH, which reacts as the oxime of nitroaoetaldehyde.^ (R «* H, 
E' ssa NOg.) Trdger ® has recently prepared a series of ^-arybulphonylquinoHnes : 


C.H.<CH0 ^ gWAr . 

(Ar = Ph‘ y-C,H,-, ?-C1C,H," or /3-C,|,H,- ; R - Mo, I’h, -OH.) 

Acids or ^ters which contain a sufficiently reactive •CHg’CO» grouping may also be used, Aoeto- 
aoetic ester yields quinaldine-S-carboxylic ester.® Benzoylacetic Mter, malonic acid {ntd the 
ester) and succinic anhydride give the corresponding quinoline derivatives, 

./ In certain cases, piperidine is a better condensing agent than NaOIL’ From aoetylacetone, 
o-aminobenzaldehyde and a trace of piperidine Stark obtained a 92% yield of 3-acotylquina!dine. 

An unexpected result is the formation of 3-benzoyIquinaIdme rather than 3-aoetyb2-phenyI- 
quinoline by condensation of aminobenzaldehyde with kmzoylaoetone i ** 


C«H,< 


CHO 

NH* 


, CHs'COPh 
COMo 






eH:c*co?h 

N=CMe 


The reaction fails with desoxybenzoin, dihydroxyacetophenone, glucose and liovulic acid,® 

Geigy and Koenigs,^® using o-aminobenzophenone in place of aminobenzaldehyde, obtaindl 
only traces of 4-phenylquinolino with acetaldehyde, but with acetone and cone. NaOll they if ere 
able to prepare 4-plienylquinaldine : 


CaH 4 < 


COPh 

NH, 


^ COMo 


C«H,< 


CPluOH 

N=:GMe 


V, Braun, Petzold and Seemann, Ber„ 1922, 65, 3786. 

» FriedlEnder and GShrina, ibid., 1883, 16, 1^36; Eliasberg and Frimllilndor, mi, 1802 , E6, 1762 . 

® Eliasberg and Friedlteder, he, cU,i Ftiinkel, Dimt, Freiburg, 1896j Koenim and Bi»ohkc»|»f, loe, eU, 

* Koenip and Stockhausen, Mer., 1902, 36, 2664. * J, ftr. Ckem., 1922, K®, 193 j 104, 336. 

^ ® Friedllinder and G3hring, Ber., 188.3, 16, 1836; Eliasberg and Friedltnder, te. cU.i Claui and Steinitf, 
1894, 282, 116j Koenip and Bisohkopf, he, eit, 

’ Stark, Ber., 1007, 40, 3427 ; Stark and Hoffmann, iUd., 1909, 42, 716. 

» Tr6pr and Menzel, J. pr. Chm., 1921, 108, 188. 


• IdeM,l>e,eU. 

Ben, 1886, 18, 2406. 
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The condensation of o-aminobenzophenone and methazonio acid gives 3-nitro-4-metliYl- 
qninoHne.i 

Althongh Friedlinder’s synthesis has been applied to a variety of aldehydes, ketones, etc., 
the choice of o-aminobenzaldehyde derivatives is very hmited, only four having so far been 
employed : 

/\*CHO 
I j‘NHa 

The following condensations have been described (the a- and /^-substituents in the 
Multing quinolines are indicated) : 



(H.) 



(HI.) 


MeO-f^-OHO 
MeO-l ’ 

(IV.) 


(a) WUh O’^mifw^mnzaidehyde (I) ; 
AiMhyde, keims, dc, 
Aoetaldehyd©. 

Metimonic acid. 
PropioniildehiydB. 

Butymldehyde^ 

(KnanthaldehydB. 

Phenylaoetftlaohyde. 

Olaoo«e, 

Acetone. 

itroMaoetone. 

CWomaoekme. 

Aoetoneeidphonio acid. 
Aryl*ulphonylifcookmt?8. 

PhtSallmfnoawtone. 

Methyl ethyl ketone. 

Diethyl ketone. 

Methyl hydroxywpropyl ketone. 

Aoetophenone. 

Phthiuiralnoaoetophonone. 

Bromoftoetophenone. 

Dihydroxyftoetophonone. 

Arykulphonylaoetophenonos. 

Anisyl chloromothyl ketone. 

S- Naphthyl methyl ketone, 
lionzal acetone, 

Aoetylaoetone. 

Ikmisoylacotone. 

DibenKoylmethane, 

Desoxybenzoin, 

Aeetoaeotio eater. 

Benzoylaoetio ester. 
Arylsnlphonylaoetio esters. 
Aiylsulphonylaoetaraides. 
Malonie acid. 

Huocinic anhydride. 

1 viivulid acid. 


o-Acetylpyrrole. 

wAoetylpyridine. 


H 

H 

1, 4, 6 

H 

NO, 

20 

H 

Me 

n, 17, 34 

H 

Et 

30 

H 


30 

H 

Ph 

30 

fails. 


26 

Me 

H 

2,4, 6 

CH:NOH 

H 


Mo 

OH 

12 

Me 

•SOaH 

21 

Me 

•SO,Ar 

26 

CH,SO.Ar 

•SO, At 

33 

Mo 

NH, 

31 

Me 

Me 

6, 10, 11 

Et 

Me 

6 

CMe,OH 

H 

29 

Ph 

H 

2, 6 

Ph 

NH, 

31 

Ph 

•OH 

31 

fails. 


26 

Ph 

•SO,Ar 

26, 33 

Meoan, 

OH 

31 

CpH, 

PhCH:CH- 

H 

H 

6 

18 

Me 

COMev 

6, 15, 16 
16 

Me 

COPh 

Ph 

COPh 

16 

fails. 


25 

Me 

COOEt 

2, 6, 7, 11 

Ph 

COOEt 

2 

OH 

SO,Ar 

26 

OH 

SO,Ar 

26 

OH 

COOH 

2 

OH 

CH,COOH 

19 

fails. 


■-O 4 H 4 N 

H 

23 

-CjH.N 

H 

23 


i D.K.-P. 336197. 
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Aldehyde, ketom etc. 

a 

0 

Eefmmm 

Diaoetyl (double). \ 
a-Aoetylquinoline. j 

-C,H,N 

s% 

n 

/S-QuinoHnylaoetaldehydo, 

-C,H,N 

H 

6,8 

y-Aoetoaoetylouinoline. 


tjr 

JnL 

9 

(Acetyl group is bydrolyared off.) 

) B-nitra'2~am%nbbenmldehyde (11) ; 

Acetone, 

Me 

H 

13 

Witii' cminopiperaml (HI) ; 

Acetaldehyde. 

fails. 


24 

Acetone. 

Me 

H 

14, 22 

Phthaliminoacetone. 

Me 

NH, 

32 

Methyl ethyl ketone. 

Me 

Me 

m 

Acetophenone, 

Ph 

H 

22 

Phthaliminoaoetophenone. 

Ph 

NH, 

32 

a-Hydrindone. 1 

6-Hydrindone. }• 


(Indoquinolines.) 

28 

a I y-Diketohydrindone, j 

WUh aminwmUrcddehyik (IV) ; 

Acetone, 

Me 

H 

27 

Methyl ethyl ketone. 

Me 

Me 

27 

Acetophenone, 

Ph 

H 

27 


JReferenem. 

^ Medl&nder, JSer., 1882, 16, 2572. * Frtedliinder and OShring, ibid,, 1883, 16, 1836. ■ M«wi. 

ibid,, 1884, 17, 469. * Anon.., DingL jxdyi, J., 1884, 260, 633. * C^rlter and Einhom, Ber„ 1890. M, 

2894. » Eliasberg and FriodlEnder, ibid,, 1892, 26, 1762. ’ Clau* and Skdnitr., 1804, 116, 

• Elnbom and Shorraan, ibid,, 1806, 287, 42. • Woidel, MmtUxh., 1800, 17, 401. FrinW, iH§m, 

Ffeib^rg, 1896 (J. C, 8., Al)«tr., 1897, i, 487), Kooniga and Binohkopf, Btr., 1001, S4, 4330, ** Kowsip 

and St»okIiau*en, ibid., 1902, 35, 2664; POteing^r, J. 7 »*, Chtm., 1002, 66, 263, Cohn and 

Spring©r,Aronal9A.,10O3,M,87. Her*, Ber., 1906,88.2866. Stark, 1007,40.3427. ** Stark 

and Hoffmann, iMd,, 1909, 42, 716. *’ Wialioonu* and Klvort, ibid., p. 1144. v. I»inail«ky, J, m. 

Chem., 1911, 86, 90. Perkin and Ilobinson, J. €, 8., 1013, 103, 1980. »« I).E..p. 336197. •* Bt»t. 

horn and Qoiaselbrooht, Ber., 1920, 63, 1026. ** Killiet and Kw»itniann, Ileh. Chim, Ada, 1921, 4, 696. 

>8 Smirnoff, ibid., p. 806. “ Sonn and Ikmimohke, Bm*., 1921, 64, 1730. »» Tr6fi©r and Menael, J, itr, 

Chem., 1921, 108, 193-216, ** Trdger and Kdppen-Kaatron, ibid., 1922, 104, 336*367. »’ llilUet, Helt\ 

Ohim Acta, 1922, 6, 650. « Armit and Ilobinaon, J. €. B., 1922, 121, 832. *• Soheibler and Fincher, 

Ben, 1922, 66, 2920. v. Braun, Petrnid and Heemann, ibki., p. 37H5. »i BargelHni and BeriingoMi. 
Chm., 1928, 63, i, 3-11. »* Berlingozxi, E. A. L., 1923, rvl, 32, i, 339. »» TrSg^r and v. Soelen, 3. m. 

Ohm,, 1923, 108, 208-231, ** v. Braun, Qmelin and ^iiuUheisa, Ber., 1923, 66, 1342. 


COOH 

20. From isatlc acid and ketones etc. i « CHjR' 

CO*E 

Just as pyruvic acid may be substituted for acetaldebyda in Dftbner’s synthwia, so Pfitxinger * 
substituted isatio acid (I) for the o-aminobenaaldehyde used by Friedltnder ; 



{!•) Aniluviionic mid. 


^ J, IT, Chem, 1886, 83, 100, 
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Th.e method remained imdeyeloped until eleven years later (when isatinfrom synthetic indigo 
became available). It was then applied by Pfitzinger and others to a large number of ketones. 
As in Friedlander’s synthesis, the quinolines from imsymmetrical ketones usually contain the 
mmUer group in the a-position. Thus methyl ethyl ketone gives 2 ; 3-dimethylcinchoninic acid 
rather than the 2-ethyl derivative * : ^ 


COOH 


CHa 

CH, 


OOOH 


The isatio acid is prepared by boiling isatin with cone. NaOH and is used directly without isola- 
tion. The presence of so much alkali causes resinification when aldehydes are used instead of 
ketones, and even with acetone Pfitzinger ^ found it advisable to work with the isonitroso deriva- 
tive. This suggested the employment of aldoximes in place of aldehydes : ® 


COOH 

C H 4- 9^2l*h 

^ CH:N0H 


CeHK- 


^OOH 


Ph 
lsr=CH ' 
(65% yield.) 


Isatin-/S-oxime is formed as by-product. 

Keto-acids or -esters condense with isatio acid to give carboxylated cinchoninic acids. For 
example, pyruvic acid yields quinoline -2 : 4-dicarboxylio acid : * 


COOH 

?0-C00H 


C6H4<. 


COOH 
C:=CH 


N=C-COOH * 


Gysae ® by heating together isatin, phenylacetic acid and sodium acetate, obtained “ isaphenic 
acid,” to which he gave the structure : 

Ph-fJ-COOH 


Borsohe and Jacobs ® showed, however, that the compound is really a quinoline derivative, 
identical with that prepared by Hiibner ’ from isatin and phenylacetic anhydride : 


)OOH 


n TT ^CO-COOH , CHaPh 


COOH 


CeH,<-; 


=CPh 


N=C*OH 


^ Pfitzinger, J. 'pr- Chem., 1897, 68, 283. 

3 Pfitzinger, loc. cU,; Hiibner, Ber., 1906, JW, 983. 

Per., 1893, 28, 2483. 1914, 47, 354. 

* 2“Ethyloinohoninio acid has, however, been isolated from 
tlujiss {ibid,, 1923, 66, 1344). 


* Ibid., 1902, 66, 263. 

* Pfitzinger, loc. cit. 

7 Ibid., 1908, 41, 486. 

the product by v. Braun, Gmelin and Schul- 
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Borsche and Jacobs also condensed isatin vpitb malonic add j 


« xr ^CO-COOH , GHa-COOH 
6oOH 


COOH 

^'6 A Q 


Tbe mechanism they suggest is as follows : 


.CO. 


CH(COOH)a 


CaHa<^>CO + CHa(GOOH)a 

(^(GOOH) 

COOH 


OOH 


C^COOH 


lOOH 

A—.f'prf 


OH 


(see, however, footnote on p. 291), 

Halberkann^ obtained C-methoxycarbo8tyril-4-carboxylic acid by warming 5-methoxy- 
aoetylisatin with HaOH: 



In connection with Pfitdnger's synthesis may be mentioned the formation of “ flavindin ** 
by the over-reduction of indigo,® The constitution of this product was shown by Piditer and 
Bohner ® to be that of quindoline-6-carboxyllo add, Flavindin was synthesised independently 
by Noelting and Steuer * from isatin and indoxyl. The method of formation from indigo is 
thus an example of Pfittinger’s synthesis ; 


Indigo. hatifu Indoscyl 


COOH 



Fhoindin. 

{Quind<^im-$'mrbmyUt acid.) 


1 /?cr., 1931, 64, 3090. 

* .Hchtitajen^rger, Oomvl. rmd., 1877, 86, 147} GJraud, iWd., 1880, 90, 1429, 
/.er., 1810, 43, 3489. ■* Ibid., p. 3612, 


The following quinolines have been 

(a.) From imiin or imtie acid : 

Kdone do. 


PFITZINGER’S METHOD 

prepared hy Pfitzingex’s method : 


SuTiditumts in the resulting cinchoninic 
acid. 


Aoetaldetiyde. 

Aoeteldoxime. 

Bfethaisonic acid. 

Propaldoxime, 

Butyraldoximo, 

Phenylacetaldoxime. 

Acetone, 

wKitrosoacetone. 

Methyl ethyl ketone. 

Ao^^enone. 

Aoetyl-m-aminoaoetophenone. } 
p*Ioaoao©tophenone. 

0 -, m*, Wftd p-Hydroxyaoetophononoa. 

S'Aoetosidicylic acid. 


6-Aoeto-O‘Oreaotio acid. 


6-Aoeto*m>ore»otio acid. 


8-Aodto-p>OJVSotio acid. 

Pbcnaoylaraine. 

Phonacyl bromide. 
^Mothoxyphenocyl chloride. 
IDcwaxybonzom. 
l)i benzyl ketone. 

Benzyl p-tol^l ketone. 

Benzyl p-anfayl ketone, 
Benzalphthalide,’*' 

Methyl a-naphthyl ketone. 
Methyl ^-naphthyl ketone. 
2-Aootyl* 1-naphthoI. 

Methyl a-tetralyl ketone. 'i 

Methyl jS-tetralyl ketone. J 


Methyl 6«aconaphthyl ketone. 


H 

(failed). 

H 

H 

NO. 

H 

Me 

H 

Et 

H 

Ph 

Me 

H 

•CH:NOH 

H 

'Me 

Me 

H 

Et 

“Ph 

H 

NHa-CaH* 

H 

I-CeH* 

H 

OH-OaH^ 

H 

OH-/ 

H 

COOH 


Me 



H 

COOH 


Mo 


oh/ \— 

H 

COOH 


Me 


HO^"^ 

H 


Ph 

Ph 

McO-CeH* 

Ph 

PhCHs- 

Me-CgH,- 

MeO-CeH* 

o-COOH-CaH* 

0 -C 10 H 7 
iS-CioH7 
a-OH’CjoH 6-(^) 
GHja 


CH, 

in. 


CHa 

/ \ 


•!NH| 

•OH 

•OH 

Plx 

Ph 

Ph 

Ph 

Ph 

H 

H 

H 

H 

H 


H 


Jteferences. 


2 

4 

22 

6 

7 ■ 

6 

1, 2, 17 
4 

2, 33 
33 

2, 3, 17 
16 
14 
16 
12 

18, 20 


19 


19 


19 

14, 16 
32 
32 
2 
3 

10, 17 
16, 17 
10 
11 
11 
11 

24 

30, 36 


31 


PhCH:C-C,H4 PhCHa-CO-CsH^ 

♦ Le. I I reacting as I 

0— CO 0 


OOH 


289 


19 


Ketone etc. ouos 

a-Acetylfurane. 

a-Acetylpyrrole. 

a-Acetylthiophene. 

Phenylacetic acid. 

Pyruvic acid, 

Malonic acid. 

Acetoacetio ester. 

Beuzoylacetio ester. 

Lsevulic acid. 

Acetonedicarboxylic ester. 

Oxalacetic ester. 

cycZoPentauone. \ 

cyctoHexanone. 

3- and 4 -Methylc 2 /c!!obexanones. V 
Pulegone. 

c^cZoHeptanone. j 

(b) From sulstituted isaiins or isatic acids : 

Isatin. Ketone etc. 

/ Acetone. 

5-Acetosalioylio acid. 


QUINOLINES 

Substituents in (he resulting cinchoninic 
acid. 

a- 

a-OiHsO H 

a-C^HsNH* H 

a-CiHsS- H 

•OH Ph 

•COOH H 

.qH -COOH 

Me ‘COOH 

Ph -OOOH 

Me -GHjCOOH 

•CHjCOOH (-OOOH) 

(failed). 


Products of the hydrogenated 
acridine type. 


Beferences. 


29 

29 

26 

8, 23 

2 

9 

2, 3 

3 

3 

3 

3 

9, 34 

9, 17, 34 
9 
9 
9 


5-Methylisatin. 


6 ; 7-Dimethylisatin. 


6-Methoxyisatin 


5-Bromoisatin, 


3-Aoeto-p-oresotio acid. 

Desoxybenzoin. 

Methyl ^-naphthyl ketone. 
Acetoacetio ester. 
Acetaldoxime. 
Desoxybenzoin. 

Benzyl p-tolyl ketone. 
Acetaldoxime. 

Acetone. 

Acetophenone. 

Desoxybenzoin. 

a-Acetylfurane. 

(Acetic acid.) 

Pyruvic acid, 
s Oxalacetic ester. 

6-Acetosalioylic acid. 

Methyl a-tetralyl ketone. 'i 
Methyl /3-tetralyl ketone, j 


s. 

6 ; 7-Dibromoisatin. Desoxybenzoin. 

6'Nitroisatin. Acetophenone. 

4-Carbox3dsatin. Acetophenone. 

5 : 6-Methylenedioxyisatin. 6-Acetosalicylic acid. 


Fy-substituents in^ resulting cinchoninic 
acid. 


Beferences. 


Methylene-6 : 5'-di-isatin. 


Acetone. 

Acetophpnone. 

cycZoHexaflone. 


Me 

H 

2 


H 

21 

OH\ 

Me^CeHa- 

COOH^ 

H 

21 

10 

Ph 

Ph 

^-CioHv 

H 

11 

Me 

•COOH 

3 

(failed). 

26 

Ph 

Ph 

10 

Me-CeH* • 

Ph 

10 

H 

H 

28 

Me 

H 

28 

Ph 

H 

28 

Ph 

Ph 

28 

a.C4HaO- 

H 

28 

•OH 

H 

28 

•COOH 

H 

28 

•COOH 

•COOH 

28 

OH^p TT 

COOH-^^® ® 

H 

21 

CHja 



HaC'^A^ 

H 

24 

HaiwA 

CHa 

H 

36 

Ph 

Ph 

10 

Ph 

H 

14 

Ph 

H 

36 

OH'.s^p TT 
COOH'^^® ® 

H 

21 

Me 

H 

27 

Ph 

H 

27 

•CHaCHaCHaCHa' 


27 
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21. From o-aminobeiizaldehyde etc. and dinitriles : C 


"\ 


CO 


+ 


CHpCN 


NH, nh:gr 


This modification of the Friedlander and Pfitzinger methods consists in the use of dinitriles, 
NH.OR’CHa'ON, in place of ketones. Walther ^ condensed isatic acid with acetodinitrile and 
obtained 2-methyl-3-cyanocinchoninic acid : 


9 OOH 


CH,.CN 

NH:CMe 


COOH 
0 H ^c:c.cN 


When isatin itself is used the product is a p 3 n:idine derivative * (see p. 208). 

Walther’s method was extended by E. v. Meyer 2 to other dinitriles and to o-aminoaceto- 
phenone : 

.CO-COOH CHgCN ale /C(COOH):C-CN 

■ * «’■<»=*, 


CA<^ 


NH, 


_j_ 


nh:cr 


\jj 

::i3 


ZnOl, 




(R = Ph, p-C^IL^.) 


/ 


•CHO 


OeHZ + , 

\NH, NHIOR 


CHgCN 


120° 


CeH, 


/CH=C-CN 

< I (R = Me,Ph.) 
\N=CR 


/COMe 

CeHZ + 


CHgCN 

I 

nh:cr 

1 J. pr. Ghem., 1903, 67, 504. 


acetic acid 
160 “ 


> CeH,: 


/CMe3C-CN 

/ 1 (R = Me,Ph,p-C,H,.) 

\n~cr 


^ u . jj! . \jii>r,iiv., xuKiu, Mi, t>v*. 3 Xbid., 1914, 90, 1—52. 

* The formation of a pyridine from isatin and a quinoline from isatic acid indicates that in Pfitzinger’ s 
synthesis the intermediate compounds are of type (I) rather than type (II), as suggested by Borsche and 
Jacobs (p. 288) : 


COOH 

^ rr ^CO CHoR' 
CgH.cT I 2 

(I.) 


COOH 

® ^ NH 2 COB 
’ (II.) 


22, From aiithraoiUc acid and ketones etc, : C«<: 4. | 

^NH* CO 


TMs method, due to v. Niementowaki,^ is a further esEtension of FriedHader's 
o-aminobenzoio acid being used in place of the corrMponding aldehyde : 






AUekydm react in two ways with anthmnilic add, the main product being a quinoliae-S* 
oarboxyllo acid formed by the Ddbntr-Miller reaction (p. 26 1 ). Acetaldehyde, chloral and propion- 
aldehyde give only Schiff bas^ and the Ddbner-Miller pr<Kluct«; from maanthdldehyde, 
however, some 10% of 3-arayl4"hydrojtyquinoline is obtaine<l : ® 


CHO 

CHb*CH,R 


/ VN-CfOOH . CIVC,H„ 

^ 6ho 








\/\/ 

HOOC N 




COOH 




Metbazonio acid, NOH*CH*CHiNOOH, reacts normally with o-amino«add8, yielding firat m 
anil and then, by heating with acetic anhydride, a 3-nitro*4-hydraxyquinoline : * 


• ^ brOIRCH 


NOOH 


»->• CH,»NO, (,ti^e=C.HO, 


* J, a a, Abstr. imH, i. 25»; lkr„ 1»M, 8?, 181M. 

* V. Niementawsikl anti Oriwchfm-ski. iWi/., 1808, M-, 2800. 

* aR.*F. 347375/im 
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Wlien fuifiiral-antliraiiilic acid is treated with, acetic anhydride the furan Ting ig opened and a 
complex compound is formed containing both a quinoline and a benzoxazine ring : i 


^ -rr ^COOH CH — CH 

nw — R Rtt 


N — CH 0 CH ajihyd. 


C.H,<C0-0 


CH 


fiH 


■OOOH 




COOH 

"NAc-iH-C-OH CH ] | 

\ A/ 

NAc 




NAc-CH— C(OH) CH(OH) 


CO 

0 H 0 OH— — C/'\/\, 

® AAc-dn— C-OH HC^^I I. 


The only simple ketone * with which v. Niementowski’s method has been tried is aceto- 
phenone. When this is heated at 120-130® for three days with anthranilic acid or with o-amino- 
p-toluic acid the corresponding 2-phenyl-4-hydroxyquinoline is formed : ^ 




(Me)* 


I 


•COOH 

•NH„ 


+ 9 H 3 
^ COPh 


(Me)*l^ 


OH 

/\/ 


\ 


/\/ 


Ph. 


In the case of acetoacetic ester and its ethyl derivative a different t 5 rpe of reaction occurs : ® 


(Me) COOEt 

\ 

+ 9HE 


(Me) OH 




•NH, 


COMe 


COOH 


HOOC Y 


•R 

■Me 


(R = H, Efc.) 


The normal reaction takes place when the vacant position ortho to the NHg is filled. For example, 
3-methoxy-2-aminobenzoio acid yields 2-methyl-4-hydroxy-8-methoxyquinohne-3-carboxylio 
ester ; ^ 


A-COOH , CHg-COOEt 

+6oMe 


OH 

/^/N-COOEt. 


MeO 


k 


MeO N 


•Me 


The reaction of anthranihc acid with benzoylacetic ester (50 hours at 140-150°) has been studied 
by V. Mementowski,® who isolated, in addition to the normal product, triphenylbenzene, benzoic 

1 Ekeley and Rogers, J. A. 0. S., 1922, 44, 2666. ^ v. Niementowski, 1894, loc. cit. 

* Ibid. ^ Eroelicher and Cohen, J. C. S., 1921, 119, 1431. 

5 Anz. ATcad. Tfw. Krahov, 1905, 285; 1907, 896; Ber., 1906, 38, 2044; 1907, 40. 4285. 

* For 2 : 6-naphthyTidines from anthranilic acid and glutazine or trihydroxyp 3 n’idine, see v. Niementowski 
and Sucharda, J. pr. Ohem., 1916, 94, 193. 
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QUINOLINES 


ester, aniline, 2-plienyl-4-liydroxyqiiinoline and 4-plienylarainocarbostyril. The three quinoline 
products seem to be produced by the following reactions : 


C6H,<. 


COOH 

NH« 


+ 


CHn-COOBt 

COPh 


CA< 


C{0H):0*C00Et 


■N: 


*Ph 


NHPh 




yHa 
COOEt 
(+ PhCOOH) 


06H,< 


.COOH 


KIL 


NHPh 

^®H4<isr=:^.0H 


p „ .C(OH):9H 

______ X 


-N 


C-Ph 


+ Sok 

(+COa + EtOH) 

Anthranilio acid derivatives may also be converted into quinolines by condensation with 
esters of aliphatic adds. Erdmann ^ obtained 2 ; 4-dihydroxyquinoline from anthranilic ester 
and acetic ester in the presence of sodium : 




.COOEt 


L ® *^NHa COOEt, 




.C(OH):gh 


N: 


OH 


, 9H3 

"NHa COOEt 

Alternatively, acetylanthranilio ester may be treated with sodium in toluene.® According to 
D,R.-P. 117167 ring-closure may be effected by heating potassium acetylanthranilate with solid 
KOH at 260° for an hour ; this method gives satisfactory results. 

AT-Substituted anthranilio acids are converted into quinolines by heating with acetic 
anhydride : ® 


C6H,< 


COOH 

NHR 


+ 


CoH4< 


C(OH):CH 


NR — CO 


9H3 
COOH 
(R = Mo,Ph, O-CIO0H4.) 

An interesting condensation between anthranilio acid and two molecular proportions of acetic 
acid (i.e. equivalent to acetoacetic acid) has recently been elucidated by Holler and Grundmann.^ 
By the action of POCI3 upon acetanthranil, acetylanthranilio acid or its ester Anschiitz and 
Schmidt obtained a compound which they considered to be 

n TT ^C(OH):CH‘CO-NIL p tt 

^j--14<nh-co-ch:c(OH)^'“o^^4‘ 

Heller and Grundmann have now prepared the same substance by succtjssive treatment of 
benzene- or toluene-sulphonylanthranilic acid with acetic anhydride and NaOH, and have 
obtained from it, by hydrolysis with HCl in acetic acid at 140°, 4-liydroxyquinaHine : 

SOgAr 

+ CH 5 COOH + i!iH.C.H..COOH c H <^(OH):9.CO.NH.|',H^.CO'O.SO,Ar 

NH COOI-PCHj ® ^'^N=CMe 

sOgAr 

.C(OH):9— CO-NH-CeH^-COOH p ^ ^dOEy.Cll 

m'iotlc acid ® xr— — An(r.. 


KaOH 


CA< 


N: 


IMe 


^N==CMe 


(AiiscMitz and Schmidt's compound.) 

- 82, 3670. s 102804; see, however, Miihlstoin, Dism, Bade, 1890. 


3 D,K.-P. 287803/1914. 


* Ber., 1023, 66, 200. 
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VON NIEMENTOWSKI’S METHOD 

; 

The following condensations have been described : 


o-Amim-acid, 


Anthranilio acid. 


Ketone etc. 

I 

Methazonic acid. 
Propionaldeliyde. 

(Enanthaldehyde. 

Furfural. 

Acetophenone. 

Acetoacetic ester. 

Ethylacetoacetic ester. 

Benzoylacetic ester. 

\ 


Product. 

.C(OH);G-NO, 
CaH/ I 




Beferences, 

10 




■Me 

■Et 


m 

w 

HOOO N 


HOOO H 

.C(OH);C-C5Hn 

J 




(See p. 293.) 


M 


CbH4< 


C(OH):CH 




:CPh 


OH 


m 

\/\/ 


HOOO^ 


Me 


OH 

/V^S-Et 


X/X/ 

HOOO N 


Me 

C(OH):C-COOEt 


N- 


:A. 


Ph 


C«H, 


C(OH):CH 


N- 




Ph 


C8H4<^ 


C(NHPh):OH 


■N: 


:A. 


Ph 


12 

1 


7, 8 


i-Methylanthranilio acid. 


Acetophenone. 


Acetoacetic ester. 


OH 



Me OH 

/*X/*N.Et 


HOOO 



1 


1 


1 


Ethylacetoacetic ester. 
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o-Amno-aeid. 

6-Bromoanthranilio acid. 

3-Methoxyautliranilie acid. 

Anthranilic ester. 

Aoetylantliranilic ester. 

3-Aoetylaminoifioph.tlialio ester. 

.y-Methylanthranilio acid. 
jr-PheBylanthranilio acid. 
A^-O’Chlorophenylanthranilic acid. 
Aoetylanthranilic acid. 
A^-Benzenesulphonylautliran.ilio acid. 
.^7'-p-ToluenesulphonylaI^thranilic acid. 
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Ketone etc. 
Methazonic acid. 

Acetoacetic ester. 


Acetic ester. 

Acetic ester. 

Acetic ester. 

Acetic acid. 
Acetic acid. 
Acetic acid. 
(Poas) 
Acetic acid. 
Acetic acid. J 


Product. 
/C(OH):C-NO, 
BrC6H8< 1 

^k==-6pl 

OH 

|^f^\C00Et 

MeO N 

.C(OH):CH 
•N=r(!!.OH 


/C(OH):CH 




'N- 


OH 


OH 

COOE-f'Y I 
N 

C-OH 

Xs 

NAr 
OH 


CO. 

N 


■Me 




Meferences. 

10 

11 


4, 6 


13 
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23. From acylated o-aminoaryl ketones etc. : 

The first example of this type of quinoline synthesis was the preparation of 3-cyano-4- 
phenylcarbostyxil by Guareschi : ^ 


0eH,AO.R CH,.CN 

® ^ cooBt 




or:c-cn 

■N=:0*OH 


(R = Me, Ph.) 

1 Ber., 1893, Ref. 944; Zentr., 1894, ii, 211; J. C. 8., Abstr. 1896, i, 393. 


CAMPS’ METHOD 


2W 


About the same time Bisohler and HoweU,i by the action of alcoholic NHg upon acyl-o-amino- 
acetophenones, obtained, in addition to quinazolines, carbostyril derivatives as by-products : 


CA< 


COMe CHoR 


NH- 


OH 

-CO 


« C-OH 


and 


C6H4< 


CMelN’ 


(R 


. By-product. . Main product. 

H, Ph (in other cases practically no quinoline was formed).) 


Similarly, from phenylacetyl-o-aminobenzaldehyde and alcohoHc KOH Bischler and Lang 2 
prepared S-phenylcarbostyril. 

The method was developed in 1899 by Camps, s who applied it to a large number of acyl 
derivatives. Aqueous alcoholic NaOH was found to bring about the reaction. 

The condensation may take three courses — either of the two CO groups may react, giving 
c3t" and y “hydroxy quinolines respectively, and a third possibility is the removal of the acyl group 
and condensation to an ori^o-flavaniline : 


Me 

(I.) c.h.<J04h,e 

(IT) r 

Me 


(HI., 


OaH^NH, 


Me 


C6H4< 


C(OH):CH 


N: 


icH, 


R 


Me 


N:0-CaH,NHa 


Usually a mixture of all three products is obtained, I and II being formed in largest quantity. As 
B becomes more negative the ‘CH* group becomes more reactive and reaction I predominates ; 
thus phenylacetylanodno^acetophenone yields only one product, 3-phenyl-4“methylcarbostyril. 
Other negative groups (^N, ‘COOEt, ‘COMe, ’COPh) produce a similar result. * 

Only reaction II is possible, of course, with formyl- and oxalyl-aminoacetophenones : 


CaHa< 


CO— OHg 

NH— CO-COOH 


CH C(OH):CH 
« ^^N=CrCOOH 
a-Kynurenio acid. 


isoButyryl-o-aminoacetophenone gives in addition to 2-wopropyl-4-hydroxyquinoline an 
appreciable amount of 3 : 3 : 4-trimethyl-2-keto-2 : 3-dihydroquinoline : 




Me 

CO 

NH- 



Me 

CHMea . 

CO 



Me 


-OMea 

-CO 


Formyl-o-aminobenzoylacetic acid is probably an intermediate in the conversion of formyl-o- 
aminophenylpropiolic ester into ^-kynurenic acid : ® 


n xr ^C=C-COOEt n rr .CO-CHa-COOH 

® ‘■^NH-CHO ® ^“^NH-CHO 


C(0H):9-C00H 
6 ^<N:=CH 
P-Eynurenic acid. 


1 JBer., 1893, 26, 1384-1399. lUd., 1896, 28, 292. 

8 Ibid., 1899, 82, 3228; Arch. Pharm., 1899, 237, 669; 1901, 289, 691. 

* Camps, Arch. Pharm., 1902, 240, 136. 8 Idem, Zeitschr. physiol. Chem., 1901, 33, 390. 
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WSliBlioli ^ deteimined the yields of a- and y-hydioxyc|[uinoliaes obtainable from aoetyl- 


r TT ^COCHjMe _ 

Acyl group : 

Acetyl. 

Propionyl, 

Butyryl. 

The following condensations have been described 



Et 


OH 


G — ( 

n TT 

foK + 

:CM6 

"V/ 

JR. 


%a.OH(I). 

%y.OH(n), 

H 


83 


12 

Me 


64 


40 

Bt 


33 


63 


(») o^Aminohmmhkhyde i 

Acyl group 
(or kdO'Csler tic.)* 

Acetyl. 

Phenylfioetyl. 

Suoolnyl. 

Oyanaoetio ester. 

(b) O'Amimmdophenme : 
Formyl. 

Acetyl. 

Phenylaoetyl. 

isoButyryl. 

Benzoyl. 

Carbathoxy. 

Oxalyl. 

Malonio ester. 
Cyanaoetic ester. 
Aj^toaecitio ester, 
Benzoylacetio ester, 

(o) o-AminopropiopynoM : 

Aoetyl. 

Propionyl. 

Butyryl. 

Benzoyl. 


SubMUueniA ♦» rmtUiug quinoUms. 

II 

2 3 4 


OH 

H 

H 

OH 

Ph 

H 

OH 

•oh»cooh 

H 

OH 

ON 

H 

H 

H 

OH 

fOH 

H 

Mo 1 

IMo 

H 

OH 1 

OH 

Ph 

Me 

CHMe, 

H 

OH 

Ph 

H 

OH 

OH 

H 

OH 

•OOOEt 

H 

OH 

OH 

•COOKt 

Me 

OH 

VK 

Me 

OH 

•OO.Me 

Me 

OH 

<COP!i 

Me 

fOH 

H 

Kt 1 

IMo 

M« 

OH j 

j OH 

i Bt 

Me 

Kt 1 

Me 

OH 1 

JO.H, 

Me 

"It] 

tOH 

Bt 

Kt 1 

Ph 

Mo 

OH 


(d) o-Ammc^enzoj^fmwne : 

Aoetyl, II 

Cyanaootio ester, OH C*N 

(©) o*Aminobmmic acid (miihranilif’ arid) : 

Aoetyl. t)H H 

(f) o>Am%mbmwylformk. acid {imlic acid) : 

Aoetyl. H 

Pbonylaoetyl. OH I’h 


H 

l*lt 


OH 

oooir 

COOH 


Bcfmncm, 

n 

4 

12 

1 


7 

2. B 

2 , « 
g 
K 
K 

7, 13 
10 

1, 10 
10 
10 


II 

n 


11 

H 


5, 0 
3 


3 

fl 


» Arch. Pharm., 1913, 261, 62fi. 


A&yl group 
{or heto~69kr ek.), 

(g) Q-dmim^zoylmetic ester : 
Amtjl, 


Aoetyl* 

(k) o-Amin(^mzoylmdhyl : 

Amtjl, 


FLAVANILINE 

Substituents in resulting 


/- — - 

2 

3 

OH 

H 

roH 

H 

tMo 

Ph 

OH 

H 

944. 

References. 

® Bisohler and 



^ , References. 

•CHaCOOH 5 


CH,Phj 


OH 


CH.OH 


r 8'^‘i Howell, ibid., 1893, 26, 1397. » Guaresohi, 

?&{» * Bischler and Lang, Her., 1896, 28, 292. s Camps, 

8^ 3228. Arch. Pharm., 1899, 237, 669. ’ Idem, Zeitschr. physiol. Chem., 19^ 
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a* Perkin and Robinson, J. C. S.’, 

1913, 10$, 1075. ** hjMltb, SUzher. Akad, Tfiaa. H-ten, 1921, 130, ii&, 93; IfonaisA, 1921, 42, 89. 


24 . The flavanilitie synthesis : + 5^® 

^ CO*Ar 

Flavaniline b a dyestuff, now obsolete, formerly manufactured from acetanilide by beating 
with ^ or with excess acetic anhydride.^ Dipbenylacetamidine and ZnClg give the same 
product.® The constitution of the product and the mechanism of its synthesis were elucidated 
by Besthom and Fischer.* The acetyl group migrates from the nitrogen to o- and 
and the producte so formed condense to a quinoline as in Friedlander’s method f 



Flavaniline. 


0, Fbcher ® showed that reaction (ii) could be repeated with a mixture of o- and ^p-aminoaceto- 


‘ D.R.-P. 10766/1 B81; 
» D.R.-F. 28323/1882. 


O. Fischer and Rudolph, Ber., 1882, 15, 1500. ^ D.R.-P. 27948/1883. 

« Ber., 1883, 16, 68. ® Ibid., 1886, 19, 1036. 
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phenones in the presence oi NaOH, and that quinolines were also formed when the p-aminoaceto- 
phenone was replaced b 7 paraldehyde, acetone or acetophenone : 



(R=»H. Me, Ph. p-NHaCA-) 


The product from acetophenone contains the Flavaniline skeleton and was called Flavoline. 

o-Flavardline was synthesised by Bischler and Burkart ^ from o-aminoaoetophenone by boiling 
it with formic acid ; 

Ma 



o-Mavaniline and its acyl derivatives are formed in small amount in the synth^ of quinolme# 
by damps’ method (see preceding sectaon). 

Goldschmidt * heated acetophenone oadme with PiOr at 60®. The acetanilide first formed 
(by Beckmann transformation) is converted under these conditions into Flavaniline. 


yCBC 

26. From o-toluldine : C(,<f yCO- 


Quinoline was prepared in 35-40% yield by Kulisch « from o-toluidine and glyoxal heated to 
160®withFfaOH5 


"•=‘<OT. + ?HO 


CHOI . n Tp y it -H # A Jin 


CHX’H 


The reaction fails with benzil* o-Toluidine and pyruvic wthr gave, in the presence of alcoholic 
ZnOl#, a compound ^ 


CeH,< 


GHj 

NH* 


. COOBlt 


CgH4< 


CHa 


5t 




t^H4< 


ch:c»oh 

H=CMe ' 


A similar reaction accounts for the formation of a small amount (20% of the total condensation 
product) of 2 : 3-dihydroxyqmnoline in Macklung’s indoxylie acid synthesis : ® 


yCH« C 

cAc; 1 


COOH 


JO 
(10 gms.) 


340-360* 


+ cyi* 

(1*7 gnu!.) 


>ch:(>oh 

\N=i*OH 

(0*4 gm.) 


Per., 1^8, 36, 1862. * Ohm. Z$Uung, 1003. 37, 270. » Mmud^h., 1804, 18, 276, 

* KuUsoh, tWa, IW, 16, 861. » Idm, m., p. 366. • Ftr„ 1912, 3621. 
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26. From o-acylamino compounds—ring closure in a : p-position : 


Bunrl ^ heated aoetylethylaniline with ZnCla and obtained, in place of the expected ethylated 
flavamKne, qninaldine. The ethyl group migrates in preference to the acetyl group : 



CHa 

Ef/\ 

I i-NHCOMe 



Aoetyimethylamlme under similar conditions ^ gives quinoline—probably via 2-methylindole : 



An intare8fe*ng quinoline synthesis by a : ^-ring closure is that of Gabriel and Ladenburg : * 


CjH4<^q>'0 + 


C,H4<®°>N-C.H,-C00H ^ 


C.H,<g8>N-C.H,C0Cl C.H.<MCOOMe), 

iO’C,H4 


OH« 


6=C[COOMe), 
C«H4<w— CO 


■„jj^CO-CH(COOH), 

0,a.<jjr ohoh ^ *^NH-OH-O.H>-COOH. 

CO— OeH, 


The number of reactions brought about by the HI in the final stage is remarkable. The methoxy 
group is hydrolysed, the two ester groups are eliminated, one of the phthalyl *00* groups is reduced 
to the phthahmide grouping is semi-hydrolysed and the quinoline ring is closed. 


i Fer„ 1889, 22, 1847. 


* Pictot and Fert, ibid.t 1890, 23, 1903. 


8 Ihid,, 1918, 51, 1493. 
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Fotdds and Eobinson ^ prepared a metbylenedioxy-dimetbylqnmoHne j&rom o-nitrosafrole 


CH,<o 


0 


CHa*CH:CHs 
NOa 


fVCt I I WAAliWJl 




CH 

CHa<o.f J CO-CHj 

Tbe cuiions conversion of iV-benzoyltetrabydrocarbazole into a quinoline derivative by tbe 
successive action of nitric acid and boiling KOH ® belongs to this group : 

CHa 

^ N, g(NO,) UJ 

Cl 


A yOH 

COPb 


k i Y**a 

/\yOmt) CHa 

¥ ^chA 


ioFh 



CO 



'^\gIj^-pfjCfI*CHa-CO()n 


NH 


'\/'\G*CHaCH*CHa*COOH 


i^-Aoetyltetrabydrooarbazole behaves differently (see Indoles, p. 145)* 


27, Sen-Guptft’s synthesis from cyanacetamlde 
Sen-Qupta/ in the hope of obtaining 

CH 

/VNnh 

\A/'o ’ 




Nf 

condensed hydroxymethyloneci/plohexanone with cyanacetamide 

3-cyano-2-k6to-h©mhydroquinolin6 j 

CH, CH(OH) CH, OH 

> /\/\ 

, QH,CN * CH, V 

+ & "^iH.io6o 

/ 



C,<oti nh.>^ 


The product provetl to be 


i, CO 

NA 


GH» NH, 




CH, CH 

;H, U CH*CN 
)H, C(0H)C() 


CH, NH 
{Hy.|>rtKiuet,) 


CH, CH 

/\/\ 

cH| c a 

OH, C CO 

\/V 

CH* H 


•CN 


Similar products are obtained from hydroxy methylene derivatives of 2-, 3- and 4-iiMtliyl- 
cf olohexanonw and of menthone. 

1 J, a 1914, 105, 1908. 

* PerWn and Bant, ibU., 1923 , 128 , 676 , • JlMd., 1915 , 107 , m 7 --«W 67 . 
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28, From hydrindone oxime : 

The oxiznes of cyclic ketones, as WaUach has shown, undergo the Beckmann isomerisation 
when heated with PCI, etc. Thus the oxime of o^/cZopentanone gives piperidone (p. 235). This 
reaction has been applied by Kipping ^ to hydrindone oxime, the product being dihydrocarbo- 
styril : 

-CH, 
rC-OH ’ 




/ 


•CHa- 


POI 


yOB.,- 




A similar reaction was described by Leuchs and Kanch : ^ 

COOH 

,CH.-CH. N 

-A 

NOH 


C,H,/ 


pQj 


c.h/ 


,CO-\ 

CH-C< >C.H. 
pCH/ 
\NH— CO 


— C H -CH-CH2-CoH,-COOH 
e CO 


29, From indoles ; 

Fischer and Steche ^ found that when two molecular proportions of methyl iodide are heated 
with 2-methylindole at 100°, not only is the ‘NH* group methylated, but the ring is enlarged 
and a dihydroquinoline results. This product is formed to the extent of 80% of the weight of 
methylindole used : 


CH 

I CMe 


The reaction appears to be quite general. 



H-SMoI 

100 ° 


Thus 


+ 2Etl 
100° 


+ MeI 
120 ° 


+ 2M,el 


CH 

Y%C-Me 

I 'CTT 
NMe 


CH 

y'CHMe 

NEt 

CH 

/\/'^(p-Me 

NMe 

CMe 

* 

NMe 


1 J, a S., 1894, 66, 489. 


2 Ber., 1916, 48, 1636. 


8 Ann., 1887, 242, 363, 360, 363, 364. 
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k 


l yragnflTn'ni 1 olbserved a similar widening of tiie indole ring wlien 2-metliylindole is treated with 
CHCL and NaOEt : 

CH 

NaOEt 

0Me + CHCl3 ^ [ I Imo ’ 

w 

Scatole (3-methylindole) in the same way gives a product which Ellinger and Elamand ^ 
showed to be 3-chloro-4-methylqmnoline : 

CMe 

NaOEfc /v 

CH + CHCI3 ^ 

y 

NH 


u 


Cl 


/ 


Ellinger ® obtained 3'chloroquinoline from the non-methylated indole. He considers that 
dichloromethylindolenine is an intermediate product : 


CH 

+ CHCI3 
NH 


CHCHCL 

N 


k 




k 




Cl 


N 


The reaction was applied to 6-methoxyindole by Kermack, Perkin and Hobinson.* 
Alkylated indoles may also be transformed into quinolines by passing through a tube heated 
to dull redness. Thus iV'-methyl- or 2-methyl-indole gives a 17% yield of quinoline : ® 


CH 


CH 


CH 
NMe 


CMe 


\/\/ 

NH 



\ (Cf. pyridine from 2-methylpyrrole, p. 239.) 

I This explains Fischer and Steche’s observation ® that quinolines are formed in the Fischer 
indole synthesis when the temperature is allowed to rise too high. The formation of quinoline 
from acetylmethylaniline ’ is similarly accounted for : 



1 Per., 1887, 20, 2608; 1888, 21, 1940. * Ibid., 1906, 39, 4388. 

* V. a P., 1922, 121, 1882. s Pictet, Per., 1906, 38, 1946. 

’ Pictet and Pert, ibid., 1890, 23, 1903. 


» lUd., p. 2621. 

« Ibid., 1887, 20, 819. 


FROM ACRIDINES ETC. S05 

WmSdi“i *’*“ converted into carbostyril derivatives by HeUer and 




-CONH, 


'NH m 

(See p. 123.) 


nitrous 
fumes 
^ 


CeH,<™9-C0NH, 


N=C*OH 


and by Heller ; 2 


~ tt ^CH(OH) _ _ EjOtjO, 


ch(0H)-9H2 

6 4 <J^H C(OH)-COOH 


Isatin is converted by diazometbane into 2 : S-dibydroxyquinoline : 3 

f TT 

same way, but tbe lactim form gives an 


CO 

+ CH 2 N 2 


Tbe lactam form of 5 ; 7-dimetbylisatin bebaves in tbe 
isomeride. 


30. By oxidation of acridines etc : 

• T *>3" KMnOj gives qninoIine-2 : S-dicarboxybo acids, just as quinoline 

IS Mnve^d mto quinolmo acid. Thus Bernthsen* oxidised 6-methylacridine to quinoline- 
2:3: 4rtricarboxybc acid : ^ 

9 OOH 

H N 

Similarly, tbe oxidation of metbylketojuloline s gives 4-metbylcarbostyril-8-carboxybc 

d<ClCl I 



CMe Me 

fYis ^ rf\ 



COOH 


OH. 


Tbe napbtboqmnoHne obtained by Skraup’s reaction from )5-napbtbylamine can be converted 


1 Ber., 1914, 47, 1617-1629. 
4 Ann., 1884, 224, 1. 

20 


' 1918, 51, 434. 3 Heiier, md., 1919, 52, 741. 

® Reissert, Ber., 1891, 24, 841. 
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into qmiiolme-5 ; G-dioarboxyUo acid by dinitration and reduction Mowed by oxidation oi the 
diamine : ^ 



(jJOOH 

COOHj^Y'^^ 

\A/‘ 

N 


31. From )8-aminocrotonic ester and malonic ester: 


C C 

/ / 

C , C , G 

(i + d + di 

C N 


Knoevenagel and Fries ^ condensed malonic ester with two molecular proportions of 
jff-amino-crotonic ester : 


.COOEtyCOOEt ' 

OHa ' fH , f^H'COOEt 
COOEt'*' C-NHa CMe 

CH3 NHa 



OH OH 


OH 


X/X/ 

N 


.COOEt 

•Me 


al o’KOH 
^ 



The carbethoxy-gronp of the condensation product may be in position 3 or 6. 

The reaction does not appear to have been applied to substituted malonic esters or to other 
unsaturated amines. 


32. Pyrogenous methods : 


The first synthesis of quinohne was achieved by Koenigs, who passed allylanihne over heated 
litharge : ® 

'^CH 


\/CHa 

NH 


X/X/ 

N 


1 Hepner, Monatsh., 1907, 27, 1045. 2 1898, 81, 773; 1902, 35, 2178. » Ibid., 1880, 13, 463. 
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acrolein-aniliae 


n 


CHa 

\ 


CH 
N 


X> 

N 


3 s pyriame, so trom UgHg and amline a small amount of lepidine results ; 2 


C„H 


'6-^-^6\^ 


CH 

■NH. 


CH 

III 

OH 


MO, 


360 - 420 ° 


C„h/ 


CH 3 

c;cH 




!H 


i^ey find that from 1260 litres of acetylene and 250 litres of ammonia passed through a hot tube 
380 grams of tar are obtained containing 68 grams of crude quinoline^ b p 200-250° This is 
equivalent to a yield of rather less than 4% ; ^ 


5C2H2 + NH3 


C9H7N -)- CH4 -)- Hg. 


quinoHne from a mixture of 1 kilogram of 

aniline 63 htres of O 2 H 2 and 21 htres of CO 2 passed through an iron tube at 700°. ^ 

passed with hydrogen over reduced nickel at 250-270° gives, not the expected 
methylated carbazole (of. quinoline —> 2-methylindole, p. 145), but 2 : 3-dimethylqmnXe : ^ 


X 






a) 

jsr 


'Mp 

5: + w. 


» Z:: m?: 5 i? SI; 434 ” *■ 

® Padoa and Fabris, i2. J, L., 1907, [v], 16, i, 921.^ • 


CHAPTER IX 


J.S0QUINOLINES, 


(5) (4) 

(6)/"\/N(3) 


N(2) 


(8) (i) 


Introductory : 

The isoquinoline syutlieses include examples of ring-closure in all the five possible positions 
in the Py-ring— -nueleus- 1 , 1 - 2 , 2-3, 3-4 and 4-nucleus. They may be grouped as follows : 

I. Ring-closure between nucleus and carbon atom ( 1 ) : 

The technically important methods (sects. 1 and 2) start from /5-arylphenylethylamines 


Ar 


^ NH2 


which may be condensed with acids (sect. 1 ) or with aldehydes (sect. 2 ), the ring being then 
closed by means of P 2 O 5 or HCl. The products in the first case are dihydroimquinoUnes, in the 
second tetrahydro derivatives. A modification of the second method uses chloromethyl ether in 
place of aldehydes (sect. 3). These methods have been very useful in the synthesis of a number 
of woquinoline alkaloids, especially of hydrastinine. 

The Beckmann change (sect. 4) applied to oximes of the t 3 rpe 


Ar 




ch:ch 


jh:noh 


gives only poor yields of hoquinolines, though rather better results are obtained with the corre- 
sponding saturated oximes. No dihydrowocarbostyril is formed from hydrindone oxime (see 
p.303). 

II. Ring-closure between nitrogen and carbon atom (1) or (3) : 

iS-Arylethylamines carrying a suitable ortho carbon group may serve as a source of woquinoline 
derivatives (sects. 5-8). This may be a ketonic group (sect. 5), a carboxyl group (sect. 6 ), a 
nitrile group (sect, 7) or an aminomethyl group (sect. 8 ). 


c 

*^COR NHa 
(I.) 


Ce< 


0 

OOOH NH, 


(II.) 


Ce<SrS 


CN NH, 


(III.) 


C 6 < 


o 


NH2 

(IV.) 


-c 

]!fH, 


No simple example of the first type (I) has been described. The second type (II) gives iso- 
carbostyrils or dihydroisocarbostyrils. Addition at the ‘ON group (III) leads to imino compounds 
which axe readily hydrolysed to isocarbostyrils, while the usual elimination of NHg from a diamine 
(IV) has recently been applied to the preparation of tetrahydroisoquinoline. ‘ 
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feecf m tomophthaUc adds (VH) are readUy converted into isocarbostyrih 

ii^es ! ^ (sect. 10) respectively by the action of ammonia or priimry 


n^C=0 

(VI) 


C6< 


C-COOH 


OOOH 

(VIL) 


o-Oyanobenzyl cyamde may be used for tbe preparation of UmopMhalimide (sect. 7) or of 
vanous i-cyano-mocarhostynls (sect. 11) carrying substituents in position 3. 

III. 'Ring-closure between carbon atoms (3) and (4) : 

w of a-amino-esters give 2 : i-dihydroxtftsoquinolines when treated with 

JNaUJtt (sect. 12) and a similar condensation occurs witH a-pbtbaliminoketones (sect. 12). 

IV. Ring-closure between carbon atom (4) and nucleus: 

Tbe elimination of water (or alcobol) from compounds of tbe tjrpe 

R0-c:c 


a 


\ 


C~N 


(R = H or alkyl.) 


gives isoquinolines (sect. 13). These substances axe prepared from aminoacetal and aldehydes, 
or from cbloroacetal and benzylamines. Benzoylaminoacetal gives kocarbostyril (sect. 13). 

Tbe conversion of bippuxic acid into dicMoroisoquinoline (sect. 14) is not a general S 3 nitbetic 
method. 

V. Pyrogenous methods, (See section 15.) 


Q Q 

1. From acylated (3-phenylethylamines: Cg^Co-N 

R 

Biscbler and Napieralski ^ obtained small yields of methyl- and pbenyl-dibydro?!soq[uinobnes 
by heating acetyl- and benzoyl-^-phenylethylamines with PgOg or ZnClg at 200° : 


PhCH,-CHO 




PhCH,-CH:NOH 




CO-NH 

R 


PhCHg-CHg-NHs 
(90% yield.) 

Cjj^CHg-CHg. 


(R = Me, Ph.) 

1 Ber,, 1893, 26, 1903. 
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The method was generalised many years later by Pictet/ who found that Bischler’s conditions 
were too drastic, much better results being obtained by heating with P 2 O 5 in boiHng toluene or 
xylene for 15 minutes. The jdelds were thus increased to about 75% in the case of methyl-, 
phenyl- and benzyl-dihydro^'soquinolines. 

Decker ^ independently improved the Bischler-Napieralski synthesis by the use of toluene or 
xylene as a solvent with various condensing agents— AICI 3 , PCI 5 , POOI 3 , P 2 O 5 , PeClg or ZnClg. 

In the case of formyl-phenylethylamine the main product is an aminomalonamide (I), 


PhCHa CHa NH 

(!•) 


the constitution of which was elucidated by Decker and Becker. ^ A small amount of dihydro- 
woquinoline is, however, isolable.^ 

Only one ring-closure occurs with the oxalyl compound, the product being (II) ; 





(ii.) 


O-NH-CHg-CHgPh 


*soQuinolme formation occurs even when the ‘NH* group is alkylated ; ® 


AX/CH 2 - 9 H 2 

go— Me,HCl 


^ CH 2 - 9 H 2 

^CK=NMeCl. 


The phenylacetyl derivative of /J-phenylethyl-methylamine is converted by PgOg in xylene into 
l-benzal-iV-methyl-tetrahydro^5oquino^Lne.® 


an, 




CH 2 -CH 2 
~0— NMe 


HgPh 


® ® OH-fJ-NMe 
CHPh 


CeH4<^^2 9^2 

® — ^NMe 

CHPh 


The Bischler-Napieralski method, as modified by Pictet and Decker, has found considerable 
application in the synthesis of ^soquinoline alkaloids — ^laudanosine, papaverine, cotarnine, 


1 Pictet and Kay, 5er., 1909, 42, 1973; Pictet and Knkelstein, ibid., p. 1979; Pictet and Gams, ibid., 

p, 294:34 

2 Decker and Kropp, ibid., p. 2076; D.E.-PP. 234860, 235358, 245095, 267699, 279194; Decker, Kropp, 

Hoyer and Becker, Ann., 1913, 395, 299-320. > 

® Ibid., 1911, 882, 369. 

* Decker, Kropp, Hoyer and Becker, loc. cit. 

« D.R.-PP. 267699, 279194. 

« Hamilton and Robinson, J. 0. S., 1916, 109, 1029. 
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liydrastmiiie, laudanine, anlialonidine, pellotine and anhalonine have all been synthesised in 
this way, ■ 

CH^ 


CH2 

CH 
OH, 


MeO- 


MeO' 

MeO 


IHa 
'\/NMe 

il 


MeO-/Y\ 

CH2 


A 

A\ 

1 

A\ 

MeO-l X 

OH. A. 

1 

MeO'l^^ 


Lavdanosine, 

(Pictet and Pinkelstein, 1909.) 


CHo 


-0 
0 

Me 


CH2<^’[ T 'V'^2 

CHOH 




Gotarnine (cyclic form). 

P’s 1910 ; Decker and 
3eck6r, 1913.) 


Laudanine. 

^ (Spath and Lang, 1921.) 

CHg 

CH 

Hydrastinine chloride, 
(Decker, 1911, 1913; 
Decker and Becker, 1913.) 


OMe 

Papaverine. 

(Pictet and Gams, 1909.) 
CHj 

MeO-^Y^CH, 

o-^A/^h 

A-d) 

Anhalonine. 

(Spath and Gangl, 1923.) 


CH, 


OH 

MeO 


!H, 


./ 


CH, 


\A/™ 

Med) CHMe 

Anhalonidine. 
(Spath, 1923.) 


CHo 


OH 

Me6 
Pellotine. 
(Spath, 1923.) 


An attempt to obtain tetrahydrocolmnbamine (III) from the woquinoline (IV) by condensa- 
tion with methylal was unsnccessful. The isoqninoline (IV) was prepared by the Pictet-Deoker 
method : ^ 


' CHa 


7--2 

N 

CH, 


CHa 

Me0*/\/^\0H2 

MeO*l i^NH 

CH 


CH2 1 

CH2 

\/N-OMe 

\^\om 


l^^-OMe 

OMe 

1 

OMe 

(III.) 

(IV.) 


1 Spath and Bohm, Ber., 1922, 55, 2985. 
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For the preparation of the ^-arylethylamines required for these syntheses several methods 
have been devised, but all are somewhat laborious. Bischler and Napieralski reduced the oxime 
of phenylacetaldehyde (see p. 309). Pictet, Decker and others have condensed tke appropriate 
aromatic aldehyde with nitromethane : 

ArCHO + CHa’ITOa — ArCHlCH-NOa ^ ArCHa'CHINOH ^ ArOHaOHaNHa. 

Decker and Salway have also employed the Hofmann reaction : 

N-a001+ 

Ar-CHj-CHa-CONHj 

In a recently patented method ^ an acylated ^-arylethylamine derivative is obtained from 
the condensation product of the aldehyde with acylated glycines : 


ArOHO + CHa-COOH ^ ArCH:^— CO. q 
NH-COE N~CR 


M:eOH+ 

Na,00, 


ArCHIC— COOMe 
NH-COR 


H, 

^ 

(+Ni) 


. ^CHa— CH-COOMe ^ . HHa— OH-COOMe 

co-]!ih 


The aldehydes used here are piperonal and veratraldehyde, the glycines being benzoyl-, cinnamoyl- 
and veratroyl-glycines. 

Kindler ^ has obtained iV-methylpiperonylamine in very good yield by the following series 
of reactions : 


0*/ 

CHa<^.[^ 


:n; 


CH,-CO-NHMe 


W C!Ha<X. 


eleofcrolytto 

A reduotloa 

•CH,-CS-NHMe 




0*/ 

CHa<g. 


CH, 


9^2 
/ NHMe 


(80% yield.) 


The formyl derivative is converted into hydrastinine by the usual method. 

Phenacylamines are much more easily accessible than the corresponding phenylethylamines. 
They may be reduced to the secondary alcohols and from these isoquinolines (instead of dihydro- 
isoquinolines) are obtained : ® 


PhCOMe PhCO-CH:NOH A- PhC0-CH,-NH, — > 


L2 X1XX2 

Phenacylamine. 


R 


n rr .^CH(0H)*CH2 ^ nrr ^CH= 0 H 

R 


(R = H, Me, Ph, -OHaPh.) 


1 E.P. 191233; AP. 1437802; Svdss Pats. 92004, 92610, 92611, 92612. 

^ Ann., 1923, 431, 229. » Pictet and Gams, Ber., 1910, 43, 23841. 
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Papaverine, wliich cannot be obtained from dibydropapaverine (an intermediate stage in tbe 
u^TO’ laiidanosine),^as synthesised by this means.^ The method has also been employed 
by Pictet and Manevitch the preparation of a naphthisoq^uinoline : 


a-C,oH/00-OH, 


a-OioH/CO-CHa-NH-COMe 


0 


CHOH 


9^2 


\/ 

COMe 


0 

I ir • 


Me 


DiTiydfoiBog^uinolifies have been synthesised by this method from the following amines and 
acids : ® 


Arylethylamine. 

CHa 

\/\cR, 

Ae, 

{fi-Phenylethylaminei ) 
^-Methyl derivative 

OHa 

oH.<g:Q^g|. 

(Homopiyeronylamine. ) 

^-Methyl derivative, 

^-Ethyl derivative. 

OH, 


OHa<X I I r 

NHMe 

OH, 

MeO/Y^CHa 

]vjHa 

{Homoveratrylatnine. ] 

CHa 


MeO'iY'^'^CHa 

OMe 

OH, 

MeO-Yl^^CSH, 


MeO-M 
OMe 


lb:. 


Acyl group. 

H-CO 
Me-CO 
PhCHa-CO 
Pli-CO 
I COOH CO 

/H-CO 
1 PhCHa-CO 

t H-CO 
Me-CO 
PhCHa-CO 
j Ph-CO 

^ (MeO)aOeHa-OHa-CO 
OHa<g>0,Ha-OHa-CO 
Ph-CH:OH-CO 
/ H-CO 
\ Ph-CO 
H-CO 


H-CO 


f Ph-CO 
J PhOH:OH-CO 

1 (MeO)aOsHa-OHa-CO 
I {MeO)80eH,-OHa-CO 


PhCH,-CO 


Me.CO 


References. 

4. 16 

1 , 2 

2, 4, 15 

I, 2, 4, 15 

II, 15 

12,13 

18 

9, 11, 15, 16 
10, 15 
10, 15 
10, 16, 19 
19 

4, 15, 16 
19 

12, 26 
12 

12 


13 


19 

19 

3, 19 
22 


20 


^ Pictet and Gams, Her., 1909, 42, 2943. 


a Zentr., 1913, i, 1032. 



iSOQUESrOLINES 

Arylethylamine. 

CHj 

AcO-A^CH, 
MeO-M nH, 

Acyl group, 

Me-CO 

OMe 


OH, 

i H-CO 
\ PbOH,-CO 

OMe 

{Homomyristicylamine . ) 


CH, 

MeO/Y'^CH, 

o-U lb, 

bj-O 

Me-CO 


References^ 


23 


11, 16 
7 


24 


Pictet and Gains’ method (from phenacylamines) has been used in the following cases, the 
products after acylation, reduction and condensation being iBoguinolines : 


Phenacylamine, 

CO 



{Phenacylamine . ) 


CO 

Me0/Y"^CHj 

{Aminoacetoveratrone. ) 
a-OioH^-CO-CHj'NH, 


Acyl group. 
/'H-CO 
I Me-CO 
1 PhCHj-OO 
I Ph-CO 


References. 

6 


{MeO),-CeH,-OH,-CO 6 

MeCO 17 
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« Idem, ibid., 1910, 43, 2384. ’ Salway, J. G. 3., 1910, 97, 1208. s Idem, ibid., 1911, 99, 1320. 
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279194. Decker, Zeitschr. angew. Ohem., 1911, 24, 1890. 1 ® Decker, Kropp, Hoyer and Becker, 
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Ben, 1922, 55, 2986. as gp^th, Monatsh., 1922, 43, 477. ** Sp^tb and Gangl, 

tbtd., 1923, 44, 111. 25 Kindler, Ann., 1923, 431, 229. " 


FROM ^-ARYLETHYLAMINES AND ALDEHYDES 315 


C G 


2* From p-arylethylamines and aldehydes : CH~I^ 


R 


^ adds and ^-aiylethylamines can be condensed to form dihydroisoq^ninolines, so 
aldehydes yield tetrahydroisoqninolines. The alkylidene- or arylidene-derivative is first pro- 
duced, and this undergoes ring-closure when warmed with HCl or other condensing agents : ^ 


PIT 

\/ NH, 
-j- CHgO 


0 


Phenylalanine, 


CH^ 

J 

CH, 


PhCH,-CH<^°H 


CHo 


HOI 


vv™ ‘ 

CHa 

(30% yield), 


gives a similar yield of tetrahydroisoquinoline-3-carboxylic acid, but much better results are 
obtained with tyrosine (I) and tyramine (11) : 


CHjs 

s/\ 


OH* 


CH-COOH 

ISTHa 


it) 




CH^ 

/\ 


NHa' 
(ID 


The reaction fails with tryptophan * — a confirmation of EUinger’s formula (III), which has 
replaced the older formula (IV) of Hopkins and Oole : 


NH—fjH 

J 

* mii 
(III.) 


OT— q-Me 

s«^^\0H‘C00H, 

(IV.) 


Decker and Becker ® condensed homopiperonylamine (V) with a variety of aldehydes and 
converted the products into tetrahydrowoquinolines by the action of cone. HOI : 


CHo 




s/\ 


CH, 

NHa 


+EOHO 
^ 


CH,<° 


0 


CHa 

CHR 


HOI 


on, 

ch<-o/Y^9h, 

CHR 


(V.) 


1 I'iotet and Spongier, Ber„ 19U, 44, 2030; D,R.-P. 241426. 
a Ann., 1913, 896, 346-362; D.R.-P. 267138. 

An example of failure to close an iaoquinoline ring in a complex arylethylamino by means of 
metbylal is mentioned on p. 311 (tetrahydrooolumbamine). 
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In the case of formaldehyde (R = H), imder suitable conditions methylation may occur, leading 
directly to hydrohydrastinine : ^ 


OHa 




+ CH2O 


CHa 

CHa 

HydrohydrasUnine. 


The same product is formed by the condensation of homopiperonylmethylamine (VI) with 
formaldehyde : ^ 


CHa<CQ 


CHa 


O' 


CHa 

NHMe 


OH,0 


H ydroTiydrastinine. 


(VI.) 


In the napthalene series Mayer and Schnecko I.- have obtained a tetrahydronaphth^so- 
quinoline from /S-naphthylethylamine and methylal : 


CHo 




Ha 

HH, 


+ OHg(OMe), 


CH 

/\/\ 


9Ha 


k 


/ 


^ /kA/NH 

I I CH. 


k 


A 


The following arylethylamines have been converted into tetrahydrowoquinoUnes by condensa- 
tion with aldehydes : 


A ryleihylamine. 
/3-Phenylethylamine. 

N -Methylphenylethylamine. 
Phenylalanine. 

Tyrosine, 

Tyramine, 


Homopipe ronylamine. 

N -Methylhomopiperonylamine. 


and 


CH, 

OH./yXcH, 

MeO*y AHj 

MeO Me( 

)3 : 13-Haphthylethylamine, 


MeO- 

OH- 


CH, 

X^^CH, 


Aldehyde. 

Eeferences. 

Formaldehyde. 

1, 5, 11 

Formaldehyde. 

7 

Formaldehyde. 

1, 6 

Formaldehyde. 

1, 3,6 

Formaldehyde. 

9 

'Formaldehyde. 

2, 4, 6, 6, 8 

Acetaldehyde. 

6 

- Benzaldehyde. 

4, 6 

Cinnamaldehyde. 

4,6 

-Piperonal. 

4,6 

Formaldehyde, 

4,7 


Formaldehyde. 

10 

Formaldehyde. 

12 


^ Decker and Becker, he. cit., p, 368. 

® Idem, he. cit., p. 369 ; D.R.-PP. 281646, 281547, 
^ Ber., 1923, 66, 1408. 


FROM OXIMES 
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3. From methylol derivatives of p^arylethylamines ; Gg 




G— C 


G— N 
6h 


This is simply a special case of the method discussed in the preceding section, the inter- 
mediate 

OH-CHa-NR 

being isolated. Compounds of this t37pe may be prepared by the action of chloromethyl ether, 
OlOHa'OMe, upon /9-arylethylamines ^ and may be converted into woquinolines by treatment 
with Pg^s ^ or 10% HCl at 100° : ® 

^ CHg CHa 

Y\chr cjj .o-Y/Yhe 

■''' /J /to' J to- • 

CHaOMe CH„ 

(o^'-OH) 

(R = H, Me; R' = H, Me, Et.) 


CHa< 


4. By Beckmann rearrangement of oximes : G, 




G 


X-G—N 


In the isomerisation of oximes by the action of PCI5, etc., the enolic form of the acid amide is 
an intermediate product : 

NOH R-N 

R*CH H-C' OH 


R-NH' 

h-6o_ ■ 


If the radical R contains a phenyl group in a suitable position condensation might be expected 
to occur with elimination of water and formation of an ^soquiuoline derivative. This was found 


1 D.R.-P. 273323. 2 p.R..p. 280602. 

3 D.R.-P. 336163 j see also Kaufmann and Durst, Ber., 1917, 50, 1630. 
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actually to take place by Bamberger and Goldschmidt,^ who obtained ^soquinoline itself from 
cinnamaldoxime and P2O5 : 


/' 


CH 


/'^CH 


NOH 


CH n 

/yv 


OH-CH 


/\/\ 

a; 


k 


N. 


The yield was only about 10%.^ 

Zelinsky as early as 1887 ^ had obtained an oily base by the action of P2O5 upon the oxime 
of styryl methyl ketone (benzalacetone). This was shown by Goldschmidt * to be, not the 
espected 1-methyKsoquinoline, but the unsubstituted base. Burstin ® succeeded, however, in 
obtaining the 1-methyl derivative from Zelinsky’s oxime : 


C«H 




,ch:^h 

pMe 

iroH 


CeHs- 


.CH=:(pH 

CMeIN 

OH 


C.HyH= 9 H 


CMe-N" 


The corresponding l-phenylwoquinoHne cannot be prepared in this way from benzalaoeto- 
phenone.® 

Saturated oximes give better results. Pictet and Kay ’ by the action of P2O5 in toluene upon 
the oxime of benzylacetone obtained a 48% yield of l-methyl-3 : 4-dihydrowoquinoline : 




-CH2-9H2 


fjMe 

NOH 






.CH, 
9Me:N 
OH 


pjr .0H2-CH2 


(The yield of the same product from acetylphenylethylamine was only 33%.) 

Kaufmann and Radosevid ® have used the same method for the conversion of the oximes of 


CH2 

MeO-A^AAcHa 

\A 


and 


ch2<^; 


CHa 

0-A\A\(pii^ 

\y COMe 


into dihydro^squinolines. 

Attempts have been made to apply the somewhat similar Hofmann reaction (conversion of 
amides into amines by NaOCl, etc.) to the synthesis of «5oquinolines, but so far without success. 
Thus cinnamic amide might be expected, under suitable conditions, to give lisocarbostyril : 


CH 

AXAAch 

\/ CONHa 


CH 

Cl-N 


9H 


f^-ONa 


CH 

/yv 

k/ y 

ClC-ONa 


1 Ber„ 1894, 27, 1954. 

» Ibid., 1887, 20, 922. 

® Monatsh., 1913, 34, 1443. 
’ Ibid., 1908, 41, 1973. 


® Goldschmidt, ibid., p. 2795. 

* Ibid., 1896, 28, 818. 

® Goldschmidt, Ber., 1895, 28, 986. 
8 Ibid., 1916, 49, 675. 


A 


K. 


FROM 0-/3-AMINOETHYLBENZOIC ACIDS 319 

Unfortunately, the reaction fails with unsaturated amides.^ Weerman and Jongkees 2 were 
equally unsuccessful with the corresponding saturated amide, the only product being d-phenyl- 
ethylamme or, in the cold, the symmetrical urea, ^ 

(PhCH2-CH2*NH)5jCO, 

from which no dihydrowocarbostjrril could be obtained. 

/5-phenylethylurethane, 

CH 2 

/Wh. 

COOEt 


They were also unable to convert 


into dihydrowooarbostyril by the action of sodamide. 


5. From o-(3-aminoethylaryl ketones : Cr<^ P 

®^CO*R 

No simple synthesis of this type has been recorded, but the method has been used by 
Schneider 2 for the preparation of coralyn from acetopapaverine. Ring-closure occurs in the 
presence of sulphuric acid and acetic anhydride, the product being obtained in the form of 
sulpho-acetate : 


HjSO, 

+CRCO), 


(l)Me 

(R = Me (coralyn) or Et.) 

The reaction recalls the “ acridination ” of a-arylaminoanthraquinones (p. 000) — the ‘NH* 
being here replaced by ‘CHg* and the nuclear ortho-'CjE.’ by ‘NH*. 


*“W"Cb 

> CH 



MeO 

MeO' 


./X/N 


k 


JNHX 


Hpo*: 

\/\ 




6. From o-p-aminoethylbenzoic acids : 


C6< 


C G 

COOH 1^2 


o-Carboxyphenylethylamine was prepared from tetrahydro^soquinoline by Bamberger and 
Dieckmann.* It is readily anhydrised to dihydroisocarbostyrU ; 




GHg-CHa 

CH,-N-OOPh 


KMaOi 




C6H,< 


CHg-CHa'NH-COPh hoi 
COOH 


C6H4< 


CHg — CH 2 

COOH NHg 




C6H,< 


CHa-CHa 
CO-NH ■ 


1 Hofmann, Ber., 1888, 21, 2695. 2 trav. cUm., 1906, 25, 238. 

3 Schneider and Schroter, Ber., 1920, 53, 1459; Schneider and Nitze, ibid., 1923, 56, 1036. 

^ Ibid., 1893, 26, 1217. 
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The synthesis of “ gyrolone ” and its i^-methyl derivative ^ involves a similar type of ring- 
closure : 


1^^ ^CMe2*00 NHjE 




CBr 


COOH 


m<r ^Me 2 Q Q 

C6H4<^00HNHE j 

(E = H, Me.) 




The same product may be obtained by introducing a nitro- or nitroso-group in place of the Br 
and reducing to amine. 

The synthesis devised by Bain, Perkin and Eobinson ^ from hippuric acid and o-carboxy- 
aldehydes may be compared with the method of E.P. 191233 (p. 312) : 


n Tx ^CHO , CHa-COOH 
® *^COOMe NH-COPh 

kH4< 


JrzEcPh/^ 


CH: 


C — CO\ , 



io%k:oh 


,CH=:C-COOH1 


® ^^cooH m. 


J 


■> CeH4< 


ch=c-oooh 

CO—NH 


Methyl opianate (I) behaves in an analogous manner. 


MeO 


/N-CHO 
•i J-COOMe 


(I.) 


7. From o-cyanobenzyl cyanide etc. : or 

o-Cyanobenzyl cyanide is the dinitrile of homophthalic acid and gives homophthalimide when 
hydrolysed with H 2 SO 4 ; ® 


CeHK 


CHE-CN 

ON 


Fn XT ^CHE-CN -| 

L°»^‘<co-nh. j 


CO'NHa 
(E = H, Me, Et.) 


CeH4< 


CHE-CO 
CO— NH* 


That the nuclear -CN is hydrolysed before the side-chain ‘ON is shown by the formation of a 
3-immo-derivative when alkali is used.* 


p „ .CH^-ClSr 

1 Gabriel, Ber., 1911, 44, 72. 

3 Gabriel, Een, 1887, 20, 2499. 


Fn XT .CHa-CiNn 

LC6H4< j 


n TT ^ch2 -9 :kh 


2 J. 0. S., 1914, 105, 2397. 

* Gabriel and Posner, ibid., 1894, 27, 836. 



FROM HOMOXYLYLENEDIAMINES * 32i 

" ring-closure is the preparation of iaoearbostyril from o-oyanocinnamio 


93 f, H ^CH=9H 

ON OONH, ^ im-COOMe 


20% HOI 


Qxx^CHrCH 
« ^<C NHo 




® ^^00-NH 


8. From homoxylylenediamines etc. : 




/\'^N-cooh 
I A J-OH 


wa.xn 

Ha + amyl alc. y\ /\ 

— 180 190° ^ f Y^^^^2-C00H 
180-190 l^^l^^OOOH 

CH, (I.) 
(65% yield.) 


(92%,) 


di-azide 


C,H.<0H.-CH,.NH-CO0Et „ „ ^CH,-0H,-NH, 

• ‘^CHi-NH-COOEt ^ 

(70%. ) Homoxylyl&nediamine. 

(92%) 


di-hydrazide 

(95%.) 


(58%.) 


q^LlSe reduced and the hexahydro-derivative converted into decahydroiso- 

V Braun and Zobel ^ obtained a tetrahydrowoquinoHne by the action of anihne upon homo- 
xylylene dibromide : 

n Tx ^.-CH2*0IIoBr rhiTH, ^CIIo~0II« PTT — ptt 

^HaBr CHg-NPh « *^0H2-hrMe2Br 

Dimethylamine gave the quaternary bromide (II). 

1 Gabriel, Ber., 1916, 49, 1611. 2 Helv. Chim. Ada, 1923, 6, 789. » Ber., 1923, 56, 2161, 2152. 
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9. From isocoumarin derivatives : 



NH 3 


Benzalplxthalide (I), prepared by tbe condensation of pbtbalio anhydride with phenylacetic 
acid in the presence of sodium acetate, forms a dinitro compound when treated with nitrous 
fumes, and this product is converted into “isobenzalphthalimidine’’ (II) by the successive action 
of dilute alcohol, P and HI and alcoholic ammonia. These reactions were studied by Gabriel, ^ 
who showed that the final product was S-phenyh’socarbostyril (II) : 


GHPh 

CeH,<g^>0 

(I) 


PhOH-NOa 




^ CA<cg!^>0 “iffv W<^0->0 


PhO-NOa 
,-C-. 
-CO' 


fn TT ^C(OH);CPh-NH 2 ‘ 

r^'^COOH J 


„„ .CHICPh 




CO-NH 


(11.) 


The p-tolyl compound was similarly prepared by Heilmann ^ and the o-anisyl ^ compound by 
Bethmann,® but the condensation product of phthahc anhydride with acetic acid gives only a 
poor yield of unsubstituted isocoumarin and hence of isocarbostyril.^ The method has been used 
by Muller ^ for the preparation of 3-phenyl-8-methylisocoumarin (IV) and the corresponding 
tsooarbostyril (V) from 3-methylphthalio anhydride (III), and by Onnertz « for 6(or 7)-ethoxy- 
S-phenylisocarbostyril (VI). 


CO 




CH 

Y'^CPh /Y'^CPh 

V Wo” 


CH 


Me 


Me 


(IIL) 


(IV.) 


(V.) 


CH 

(VI.) 


o-Cyanobenzyl cyanide was converted into an isocoumarin and hence into an isocarbostyril 
by Gabriel and Neumann : ’ 

c.h.<oh,on ^j,coci ^ C.H Jh-copk - aH JV 


CN 


CO-0 


CN 

n TT 


1 Ber., 1885, 18, 1251, 2445, 3470; 
» Ibid., 1890, 23, 3162. 

* Gabriel, i&id!., 1903, 36, 673. 

8 Ibid., 1901, 34, 3744. 


1886, 19, 830, 1663. 

> Ibid., 1899, 32, 1111. 

» Ibid., 1909, 42, 428. 

’ Ibid., 1892, 25, 3671 ; see also p. 320. 


FROM isoCOUMARINS 




OH 

\/\(^H 

A/CO 

CO 


CHOH 


''\|/^'/CH(OH)-COOH 


CH 

/\/V 

U/8 


CH 

/AAcooh 

\/\/C 

CO 

(VIL) 


Y ^9H 

/\/C 

CO 

iBoCoumarin, 


CH 

/^Ach 

\/\/^^H* 

CO 

isoGarbostyril. 


From the carboxylic acid (VII) Bamberger and Frew 2 obtained quantitative yields of iso- 
oarbostyrilcarboxylic acids by the action of methylamine, ethylamine and aniline. 
woOoumaric esters give the same products as the corresponding isocoumarins : ^ 


C6H,<, 


COOEt 

.C=:CHOH 


COOEt 


0 TT — 9^ 

® Ao-ne 




900Et 

.C=CH 


(R = H^Ph.) 


Similarly, o-phenacylbenzoic acid^ and o-acetonylbenzoic acid® react with amines to give 
wocarbostyrils : 


+P1>NH, 




0H:9Ph 

CO-NPh 


C.H4<qo^H°“® +nh,ch,cooh 


These keto-acids are simply ketonic forms of the isocoumaric acids : 


n jj CH:9Me 

® ^^CO-N-CHg-COOH 


CgH^c; 


CHa-CO'R 


"COOH 

Keto-acid, 


p „ ^ch:ce-oh 

^«-^Aooh 

isoGoumaric acid. 


p „ ,ch:ce 

isoGoumarin, 


The conversion of ■isocoiimarins into {socarbostyrils is also described by Fritsch,® who obtained 


I X> E -P. 66947; Bamberger and Kitschelt, Ber., 1892, 25, 1138; Zincke, ibid., p. 1493; Bamberger and 
Frew, ibid., 1894, 27, 208. ' cit P- 202 

3 Dieokmann and Meiser, ibid., 1908, 41, 3253. * 

6 Gottlieb, ibid., 1899, 82, 966. « D.E.-P. 73700. 
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the former from a-resorcylic acid or its etKks by the action of oHoroacetone or pbenacyl 
chloride ; 


OE' 


E'O CK 


CO 


B'O-A-COOH + 

E'O Cl 

'NF 
) 

(E' = H, Et; E = Me, Eh.) 


(pH 


E'O CE 

CO 


NH, 


OH CMe 
OH< 


9H. 

NH 


CO 
(VIII.) 


A similar method leads to 5 ; 6 : T-trihydroxyA-methylwocarbostyril (VIII) from gallic acid. 

The action of hydroxylamine and hydrazines upon isocoumarins is said to give compounds 
containing a seven-membered ring (IX). The hydrazine products, however, readily lose NHg or 
NHgPh by reduction with Zn and HCl, and this is a strong indication that they are really V-amino- 

derivatives (X) : 


/CH=CE 

CcH/ 1 + NHa-NHE' 

\C0—0 


/CHg— CE^ /CH=CE 

OeH/ AN or CoHA 1 

\C0— NE'/^ \C0— N-NHE' 


Zn+HOl 


(IX.) 

,CH=::CE 


(X.) 


> CeHA 1 + NH,E'. 


^\00— NH 


(E' = H or Ph ; E = Me, Et,® Ph,3 m-C7H7.^ ) 

Lieck ^ claims to have obtained a small yield of JV-anuno-S-w-tolyKsocarbostyril (X, E 
W-C7H,) by the action of HCl upon the hydrazine derivative (IX). 


10. From homophthalic acids etc. ; 


^ .C— COOH 
^8<GOOH + NHjjR 


Homophthalic acid (I) may be prepared by oxidation of indene with KMn04 


/OH,. 


GeHA^'^COOH 

\COOH 

(I.) 


i Fritsch, JBer., 1893, 26, 419. 

3 Wolhling, 1905, 38, 3846. 


a Gottlieb, ibid., 1899, 82, 966. 

* Lieck, ibid., p. 3863. ® Loc. cit. 


FROM HOMOPHTHALIC ACIDS ETC. 

or by reduction of pbthalomc acid (II) obtained b> the oxidation of naphthalene 
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,CH: 
‘Ch=6h 


S ^ Q JJ ^CHa-COOH 

« ^^noOTT ^ 


"COOH 

( 11 .) 


or from phthalide (III), and KCN followed by hydrolysis : 

.CHo. - KON 

- 0(5 

(in.) 




(I.) 


n tr ^OHa-COOH 

e^4<COOH 

(I.) 


Homophthalimide (IV) is obtained easily by beating the ammonium salt of the acid or by 
tbe action of NHg upon tbe anhydride. It is reduced to ^*so(j^uinoline by distillation with zinc 
dust ^ or by successive treatment with POClg and HI.^ 


^ CA<^Ha-90 


pool 


•NH 
p „ .CK=QR 




Dieckmann * prepared the iV-phenyl- and V-benzyl-derivatives of homophthalimide by the action 
of aniline and foenzylamine respectively upon the acid. 

o-Phenylenediamine reacts with homophthalic anhydride to give first an anilide and at 200° 
an anhydro-derivative of the imide : * 


H~ o-CcH4< 


.NHa 

NIL 


n TT <^ 2 


,CH,‘COOH 


or c,H,<™.-C!0-NH.CA.NH, 







or 


0 JJ CHr9=^i 

^6 4 < 0 q_^_ 0 ^jj^ • 


The anhydride of phthalonic acid, according to the recent researches of Kuroda and Perkin,® 
has the structure (V). It reacts with aniline in benzene solution to form the compound (VI), 
which when heated in chloroform gives the aniUde (VII) : 


OH COOH 

\/ 


CeH4<C00P>O 


(V.) 


NHPh 

n XT ^(ilOH)-CO*]SfHPh 
^^i4<0OOH,NH2Ph 

(VI.) 



^ „ ^CO-CO'NHPh 
^6li4<0OOH 

(VII.) 


1 1x5 Blanc, Ber„ 1888, 21, 2299. « Gabriel, iUd., 1886, 19, 2354. 

* Bistraycki and Fasaler, Helv. Ohm. Acta, 1923, 6, 625. 


3 Ihid., 1914, 47, 1434. 
J. C. 8., 1923, 128, 2094. 
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DimethoxypLtlialonio anhydride (VIII) similarly yields the anilide (IX), which may be converted 
by heat into the anil (X) : 

NHPh 

i{OH)-CO-NHPh 

MeO-^ N/ \ . MeOf Y 

MeO- 


0 + SPhNHg 
CO 

(VIII.) 


MeO-l /N 

X/ \COOH,XH2Ph 


CO 


MeO- 

MeO< 


/CO-CO-XHPh .V 

Y > 200 “ MeOf Y ^90 

^ MeO-l^^l NPh ’ 

CO 

(IX.) (X.) 


XXXcoOH 


Q CO*R 

11. From o-cyanobenzyl ketones : G6<co*NHa 

The methylene group in o-oyanobenzyl cyanide, being activated by the two adjacent negative 
radicles, is readily acylated by means of acid anhydrides or acid chlorides. Gabriel and Neu- 
mann ^ prepared a diacetyl derivative (I), from which by hydrolysis with alkali they obtained 
3-methyl-4-cyanowocarbostyril (II) : 


CN 


acetic anhyd. 
+ sod. acetate 


ON 

^ ^ .CH-COMe 
06H4 <cn 


CaHK, 


ON 

C:CMe-OAc NaOH 


96H4< 


ON 
,CH-COMe 
CO-NH, 


ON 
(I.) 
ON 

C TT ^C=CM0 

( 11 .) 


OA< 


!N 

H-COPh. 
ON 
(in.) 

When acid is used for the hydrolysis the second nitrile group is lost as COg and NH3. Benzoyl 
chloride forms a wtmobenzoyl derivative (III), which may also be converted into an iisocarbostyril 
(see p. 322). 

The method has been employed for the preparation of the following wocarbostyrils, but the 
yields are only 20 — 30% : 


where E 


Methyl. 

Ethyl. 

Propyl. 

tsoPropyl. 


References. 

1,2,3 

4 

6 

7 


Butyl. 

Phenyl. 

p-Tolyl. 

m-Nitrophenyl. 


References. 

7 

1, 2, 3 


References. 

1 D.R.-P. 69138. * Gabriel and Neuraann, Ber., 1892, 26, 3563. * Gabriel and Posner, 1894, 

27,827. * Damerow. i6td., p. 2232. « Albahary, tStd., 1896, 29, 2391. « Harper, »m, p. 2643. 

’ Lehmkuhl, ibid., 1897, 80, 889. 


1 Ber., 1892, 26, 3663. 
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12. From IV- substituted phthalimides ; 9 ^ 

®^CO hi 

esters are condensed to isoquinoline derivatives by tbe action of NaOBt 

9/ v/piyxo 4 


or 


,CO 


C6H4<q 5>NK + ClCHa-COOEt 


C6Hj<°0>lT-CH2-COOEt 

+BtOH 

Phthalylglycine ester. 


OEt 

NaOxl/OEt 
niT^C CHa-COOEt 


ONa 

j vyjLX 

CO'NH ® *^CO*KH 

(65-75% yield.) 


OH 


Sodium methoxide gives tbe corresponding metbyl ester. 

Tbe reaction is restricted to carboxy-derivatives and to simple ketones sucb as pbtbalimino- 
metbyl etbyl ketone (I) : ^ 


C8H4<co>NK + C10H,-00-lt 


OH 


C.H4<®0>N-CH,-00-Bt ^ 


(I.) 


Benzylpbtbalimide (II), for example, gives no isoquinobne derivative but only benzylpbtbal- 
amic acid : * 


C.H,<gg>N-CH,Ph 

(H.) 


NaOMe 


n rr XOOR 

^eJii^oo-NH-CHaPb’ 


In tbe case of pbtbalyl derivatives of bigber a-amino-acids tbe carbetboxy-gronp is lost durmg 
tbe reaction and tbe product is a 3-alkyl- or 3-aryl-l : 4-dibydroxywoquinoline ; 


O0H4<^^>N-CHMe-COOEt 

cu 

PMhalylalanine, 





CO-CpMe-OOOEt 

CO-NH 


OH 


C6H,< 


6=:OMe 

CO'NH' 


Gabriel and Oolman in this way obtained tbe 3-metbyl- and 3-etbyl-compounds, and Ulricb ^ 
tbe corresponding phenyl-,* -isopropyl and wobutyl derivatives. 

Tbe pbtbabmino-esters were prepared either from potassium pbtbabmide and an a-cbloro- 
ester or from pbtbabc anhydride and an a-amino-ester. 


1 Gabriel and Colman, Ber., 1900, 33, 980, 2630. ® Kolsbom, ibid., 1904, 37, 2485, 

® Gabriel and Colman, loc. cit. * Ber., 1904, 37, 1688. 

* Since this derivatiye is not obtainable from benzylpbtbalimide, tbe carbetboxy-group must be lost 

after ring-closure as shown. 
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Kiisel ^ condensed 4-etlaoxyplitlialic anhydride with glycine ester and with alanine ester and 
from the products obtained 

OH OH 

^•COOEt 


EtO 




and 


OH 
(70% yield.) 



/\/ 

EtO-L ■ 


)H 

(46% yield.) 


4-Methylphthalylglycme methyl ester was synthesised from m-toluidine by EindeMee ^ 
and gave the 1 : 4-dihydroxy-7-methyK5oquinoline-3-carboxyhc ester (III) in 65% yield : 



00 

00 


>0 + NHgOHaOOOMe 




Me* 


N*OH,*OOOMe 




NaOMe 
^ 



An interesting variant of the above reactions has been described by H. Fischer and KroU- 
pfeifEer.® Any 2:3: 4-trisubstituted pyrrole may be condensed with phthaho anhydride in 
glacial acetic acid at 180-190° to give a compound of the t 5 ^e (IV) : 







OMe 


(IV.) 


Cryptopyrrole,* haemopyrrole,* phonopyrrolecarboxyhc acid * and 2:3: 4-trimethylpyrrole 
behave in this way. Tetramethylpyrrole loses a methyl group and gives the same product as 
trimethylpyrrole. 


13. From benzalamino- acetals etc. ; 

C N 

]By the action of POClg or cone, HgSO^ upon benzalamino-acetal, ^'soquinoline is obtained in 
about 50% yield : ^ 


CeHg^(5_tO),CH*5H, 


OH 




p jr .oh:ch 
wii4<0H::5r • 


1 Ber., 1904, 37, 1971. 2 Ibid., 1905, 38, 3642. a Z. physiol Chem., 1912, 82, 266. 

* Pomeranz, Monedah., 1893, 14, 116; 1894, 15, 299; Pritscli, Ber., 1893, 26, 421; D.R.-P. 80044. 

* Formulse for these compounds are given on p. 73. 
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The condensatioii product from 
(16%) of l-methyl^^oquinoline : 


acetophenone and aminoacetal gives a much smaller yield 




OMe: 


:N 


® "^CMelN 


Pomeranz^ si^larly prepared woquinolines from aminoacetal and o- and n-tolualdehydes, 
o-chlorobenzaldeliydes and benzopjienone. 

In the case of meto-substituted aldehydes ring-closure occurs mra rather than ortho to the 
directing group : ® 


RO- 


CH(OEt)j 

I 

Vn 

CH 



(80% yield.) 


(R = H, Me, Et.) 


not 




The 6 1 T-nuethylenedioxytsoquinoline obtained in 24% yield from piperonal and aminoacetal 
may be converted into hydrohydrastinine by reduction and methylation : » 



OH 2 
CHa 

Hydrohydrastinine. 


CH2<o 


0./' 

n. 


Hydrohydrastinine cannot be obtained directly from the saturated alcohol (I).^ In this con- 
nection Staub ® has made an interesting study of the action of condensing agents upon the 
following compounds .* 


n rr OH»CHMe*CHa 
® ®'^CH==N 


n xr OH-OHMe-CHa 


0„H 0H.CHa*(pH3 


'CH, 


H-SOaPh 


BrfJIVCHa njr PhOO-OH 

'® N-SOaPh “ ‘"'^CHa— H-SOaPh 




PhCO-CHa 

CHa-H-COMe 


from none of which could ^soquinohne derivatives be prepared. He suggests that ring-closure in 
such cases can only occur if tlio side-chain contains (a) conjugated double bonds (actual or 

1 Mmatsh., 1897. 18, 1-5. " Fritscli, Ann., 1895, 286, 12-15. 

» Idem, he. eU., p. 16; D.R.-PP. 86566, 86661; D.Pat. Anm. P. 7830. 

* Kaufmaiui and Diiret, Her., 1917, 60, 1630. ® Helv. Ghim. Acta, 1922, 5, 888. 
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potential) and afeo (6) a group -OH or -OAIk ^ to the nitrogen atom, le. in oompounda of the 
type 

C-OR 

/\ V) 


k V ■ 


In the Pomeranz-Fritech syntheses an ethoxymethylene compound is formed before ring- 
closure j 


^ „ (Et0)20H-0H2 


„„ EtO-CH:9H 


B. Fisoher’s synthesis of woqtdnoline from benzylaminoacetaldehyde ^ is no exception to this 
rule, since the oleum used oxidises the benzyl- to a benzal-derivative : 




'CH=:N 


Eilgheimer and Sohon “ used As^O, as an oxidant in the preparation of 6 : 7-dimethoxy- 
woquinohne : 


CH(0Bt)2 

Meo/N \cHaCl 
MeO-l 

CH, 


CH(OEt), 

Me0/\ MeO-/Y\ 

MeO'l Jv /NH +a«>Oi MeO 

CH, 


The isomeric 7 : 8-dimethoxy«oquinoline was obtained by Perkin and Robinson » from ortho- 
vanillin methyl ether and aminoacetal : 


MeO-0-®0 + NH.CH,-CH(OEt), 


A 

MeO-l 


s/ 


MeO 

tsoCarbostyril is formed in a similar manner from benzoylaminoacetal : 


CH(0Et)2 

70%H.S04 / Y I 

^ > MeO-^Y>. 

Med) 




4 


„„ (EtO),CH-OH, r„jj EtO-CH:9H1 

c.H,Yo L A'-C(0H)=1I J 


6h 


1 Ber., 1893, 26, 764. 

3 J. C. S., 1914, 105, 2376. 


® Ibid., 1909, 42, 2374. 

* Eritsch., Rer., 1893, 26, 421, 
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COOHG 

14, From hippuric acid : Ca\ I 

\C 

The oondeimatioa products of Mppurio acid witli aldetydes have already been mentioned 
Ipp, 3 1 ‘2, 320) M a source of Mto<iuinolines and of the pbenylacetic acids required as intermediates 
ia certain case*. Hippuric acid itself (benzoylglycine) is converted by PCI 5 into a dicUoro- 
anbydro-compound from wMcb isoquinoline is obtained by reduction -with HI : ^ 


COOH 






Perkin and Robinson * failed, however, to obtain an isoquinoline from 3 : 4 -dimethoxy- 
btaMlglycIno Mfcer 


COOEt 


MeO-/\ \h 2 , 


15, Pyrogenous methods : 

Benaalethykinine passed through a hot tube ^ves appreciable quantities of isoquinoline 
together with a diisoquinolyl of unknown constitution : » 






Omebe and Pictet * by distillation of Y-methylisoindohnone with zinc dust obtained a very 
quantity of an oil, which Pictet « later identified as isoquinoline : 

.ch:ch 


CiHiC^O^N^CHa 


■ CH, 9 H 3 




* lUighwmwr, Bet,, 1886, 19, H72. 

* Fictot and Popovioi, Her., 1802, 25, 733. 

* Ann., 1888 , 247 , 304 . 


2 J. 0. 8., 1914, 105, 2376. 
6 Ber., 1906, 38, 1949. 
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ACEIDINES, 



(9) N (1) 


( 10 ) 


i(3) 

1 ( 2 ) 


Introductory : 

Although a very large amount of attention has been devoted to the preparation of acridine 
compounds (especially such as contain auxochromic groups and are therefore dyestuffs), only 
a few types of synthesis have been evolved since in all cases it is the weso ring which is closed. 
The synthetic methods available may be grouped as follows : 


I. From diphmylmethane derivatives : 

In this group (sects. 1 - 10 ) the most important method consists in the elimination of NII 3 
from an 0 : o'-diamine or of HgO from an 0 : o'-hydroxy-amine : 

NHa X 

(I.) (X == -NHa or -OH.) 

Examples of this type are very numerous and have been subdivided according to the method 
by which the required intermediate is prepared. 

Aldehydes may be condensed with w-diamiues (sect. 1), with p-substituted arylamines * 
(sect. 2), with /?-naphthol and an arylamine (sect. 3) or with resorcinol and p-substituted aryl- 
amines (sect. 4). Phthalic anhydride behaves similarly with w-diamines (sect. 5). Alterna- 
tively an o-amino-carbinol or -carbinyl chloride may be condensed with a w-anoinophenol, a 
w-dihydroxy-compound or a j3-naphthol (sects. 4 and 6 ). The essential in all these cases is that 
the methane carbon atom provided by the aldehyde or the carbinol shall be forced into a position 
ortho to the 'NHa or ‘OH — Whence the necessity for using a w-diamine or a p-substituted arylamine. 
The method of section 3 is exceptional in that 'ortho substitution occurs even with o-toluidine 
and ct-naphthylamine. In each of these reactions the product is a dihydroacridine, which is 
more or less easily converted into an acridine by oxidation with air, EeClg, nitrous acid, etc. 
AcHdones result when an o-amino-o-hydroxybenzophenone is used (sects. 4 and 6 ). 

The ethereal oxygen of fluorescein is replaceable by ’NH* by the action of ammonia under 
pressure, giving an acridine (sect. 7), and decahydroacridines are obtainable from the 0 : o'-di- 
hydioxy-compound prepared by condensing dihydroresorcinol with formaldehyde (sect. 7). 

0 : o^-Dichloro-derivatives have only been used as a source of acridones in the anthraquinone 
series (sect. 8 ). 

The investigation of the dyestuff, Phosphine, obtained as a by-product in the manufacture 
of Magenta, led to the synthesis of similar acridines by the oxidation of o-aminodiphenylmethanes 
or the reduction of the corresponding o-nitro-compounds (sect. 9). 

The conversion of o-aminotriphenylcarbinol into ^-phenylacridine by gentle heating is some- 
what unexpected (sect. 10 ). 

* Including /3-naphthylamine. 
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II. From benzyl- and benzal-anilines : 

AMine itself is conveniently prepared by passing benzylaniline through a hot tube (sect. 11). 
A similar reaction leads to chrysidines, and the investigations of Grandmougin have shown that 
the synthesis of Rheonines must be regarded as analogous with these (sect. 11). 

III. From dijdienylamines : 

This group of syntheses (sects. 12-21) may be subdivided according as the meso carbon atom 
is auppHed by a substituent carried by the nitrogen or by a group in the ortho position 


C 

1 yCe 




or 


c/ /C.. 


To the former class belong Bernthsen’s synthesis from acyldiphenylamines (sect. 12 ) and the 
similar method from formanihdes and m-diamines or p-substituted arylamines (sect. 13), both 
of which lead directly to acridines. 

The conversion of arylanthranilic acids into acridones (sect. 14) is the most important example 
of the second class, and has been widely employed, not only for ordinary acridones, but also for 
naphthacridones and anthracridones. o-Arylamino-aldehydes (sect. 15) and -ketones (sect. 16) 
are largely used for acridines, especially in the anthraquinone series. It is not clear whether 
StolM’s oxalyl chloride method (sect. 16) should be considered as a modification of the Bernthsen 
synthesis or as an oriAo-ketone acridination — probably the latter view is correct. 2V-Anthra- 
quinonylisatins may be converted either into anthracridines (as with other arylisatins, sect. 16) 
or anthracridones (sect. 17), according to the strength of the H 2 SO 4 employed. 

A modification of the “ acridonation ” reaction (sect. 14) of value in the anthraquinone series 
is the use of o-arylamino-nitriles (sect. 18) in place of acids. 

The tendency to ring-closure with formation of acridines is so marked that acridines are pro- 
duced by dehydrogenation of o-methyldiphenylamines (sect. 19). Kehrmann’s new synthesis 
of dihydroacridines from o-aminotriarylmethanes and di- or tri-nitrochloroben^ene (sect. 20 ) 
involves the elimination of IINO 2 . It is of limited application. 

Finally, acridines are obtained as by-products in UUmann’s carbazole synthesis if the 
arylaziminobenzene contains an ortho methyl group (sect. 21 ). 


G 


1, From m- diamines and aldehydes: CgN^ 

NHa NH2 


A very large number of acridine syntheses may be represented generally by the equations : 


/CHax, 


\/\ 




NH, NH™ 




ZllCIa 


■> 


(-NH.) 



(-Hi) 


NH 

Dihydroacridine. 



N 

Acridine,. 
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Now when an aldehyde is condensed with an amine of the benzene series there is little tendency 
for the methylene group to take up the ortho position, the product being almost entirely the 

pam derivative : 

1 ^-NH-CHR*NH-' 


R-CHO + 2PhNH2 


s/ 


NH 








/ 




■-2 

-CHR- 






Main product. Very small amount. 

The simplest way of ensuring that the product shall contain amino groups ortho to the aldehyde 
residue is to use a meia-diamine : 

/t/JaLK\ 

/\/ \. 



•NH, + 


NH, 


u- 


NH, NH 


A J-NH, 


The earhest synthesis of this type was the preparation of Benzoflavine from benzaldehyde 
and m-phenylenediamine : ^ 



Benzoflavitie. 

The use of other aromatic aldehydes with m-phenylene- and m-tolylene-diamines is described 
in D.R.-PP. 45294 and 46298. From formaldehyde and w-tolylenediamine the well-known 
Acriine Yellow is obtained.^ In this case HCl under pressure is more effective than ZnClg, 
and a yield of 80% results : 

/CHja 


, Me 
%H, 


./ 

k 


OH.O 


•NH, 


Me 

NH, 








■NHo NH, 


I rmo 

\/NH2 


NHa 



Acridine yellow. 

Acetaldehyde gives, less easily, a similar dyestuff.® 

When m-aminodialkylanilines are used, the aldehyde condensation occurs para to the sub- 
stituted, amino group, and acridination follows normsClly. Acridine Orange NO is thus obtained 
from wii-aminodimethylanihne,^ and many other mono- and di-alkylated w-dianunes have been 

employed : ® 

\/kt/\/ 

Acridine orange NO. 

1 D.R.-PP. 43714, 43720; Meyer and Gross, Per., 1899, 32, 2352, 

* D R -PP 62324 136617; Ullman and MarW, Ber., 1901, 34, 4307 ; Haase, %l)%d., 1903, 86, 688; TJllmann 
and Pitzeiikam, iUd., 1906, 38, 3794. » D.R.-P. 143893. * H.R.-P. 69179. 

» D.B.-PP. 67609, 70936, 133709, 141297. 


j-NH. +,^^2^ 


MejN- 


•NMe, 
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The condensation of formaldehyde with a nurture of two w-diamines and the conversion of the 
into unsymmetrical acri^es is described in D.E.-P. 133709. Methylation and acri- 
dmation may be brought about in one operation by heating the tetra-aminodiphenylmethane 
mth methyl alcohol and HCl at ie0-160» > or with HCl and chloroacetio add, which methylates 
by 1(M of COj.^ The symmetrical dibenzyl derivative of Acridine Yellow is obtained from 
5J-ammo-lbeii2:7l-o--tolmdiiie and formaldehyde.® 

action of cone. HgSO^ at 180-200° one or both amino groups may be hydrolysed to 
•OH during acridination, the yield of dihydroxyacridine being- about 64%.^ Dihydroxydi- 
methylacridine is also obtained from p-amino-o-cresol : ® 


<> 


+ CH2O 


/N-Me 

•IJ-OH 


From m-aminodimethylaniline and benzaldehyde Acridine Orange E is prepared,® and similar 
condensations of aromatic aldehydes with w-diamines are claimed in D E -PP 70065 71 862 
94951 and 102072. ’ ‘ ' ' 

Terrisse and Da,rier discovered that j9-toliiidine displaces one equivalent of a m-diamine 
from its condensation product with formaldehyde, and acridination follows, giving a mono- 
aminoaoridine : 


/CH^x 


/CH^x 

Me‘fY YN‘Me 


N 

(69% yield.) 

Apparently any combination of either of the two bases with formaldehyde leads to the same 
product under suitable conditions. Thus the above compound, 2-aminO“3 ", 7"dimethylacridine, 
is obtainable from ’ 

and p-toluidme s 

NH. 

Me’i t— CHo*NH— \ >*Me and p-toluidine ® 


'i-CHa-NH- 

J-m 


1 D.R..P. 129479. 2 D.K-P. 133788. a D.R.p 141297 

* D,R.-P. 121686; Ullmann and Pitzenkam, JBer., 1906, 38, 3794. 

® D.R.-P. 120466. 6 D.R.-P. 68908. 

I Ullmann, Ber., 1903, 38, 1017; Pox and Hewitt, J. 0. 8., 1904, 85, 631. 

® D.R.-P. 107617. 9 D.R.-P. 118076. 
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I J*]NiH2 


and OT-tolylenediamine ^ 




and the methane base ^ (see p. 334). 


The benzaldehyde condensation products behave similarly. 

In a further modification of the Terrisse-Darier synthesis p-aminobenzal-p-toluidine is heated 
with w'-phenylenediamine : ® 



Another method of introducing the ortho amino groups is by dinitration and reduction of 
the diamino-diphenylmethane. When the o i o^-dinitro-derivative is treated with SnClg and HOI 
at 136° reduction is followed at once by acridination.* The product is usually a mixture of 
acridine and dihydroacridine, though the amount of the latter may be reduced considerably 
under suitable conditions. 


NH, 


CHa 

\/ 


'NH, 


NH, 


/' 

•u 


/CHaX 
NO, NO, 


■k 


/ 


•NH, 




Tetranitration and reduction of diphenylmethane gives a 2 : 8-diaminoacridine.® Schopf ® 
found it more convenient to oxidise the tetranitrated diphenylmethane to tetranitrobenzophenone, 
which was converted by SnClg and HCl into diaminoacridone. Staedel ’ prepared o : o'-diamino- 
benzophenone, from which he obtained acridine by distillation with zinc dust or acridone by 
treatment with cone. HCl or ZnOlg : _ 




\/ 




\/\. 


NH, NH, 


\ 





1 P.R.-P. 107626. ® D.R.-P. 288841. ® D.R.-P. 106719. 

* D.R.-P. 230412; Benda, Rer., 1912, 45, 1791; Moudgill, J. 0. S. 1922, 121, 1606. 

® Qtkoi, Dissn, Jena, 1892, * Ber,, 1894, 27, 2316. Ibid., p. 3362. 
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TKe “ metliane base ” (I) from dimetbylaniline and formaldehyde was dinitrated and reduced 
to azo-, bydrazo- and diamino-derivatives by Duval,^ Both the bydrazo- and tbe diamino- 
compounds are converted by cone. HOI into Acridine Orange : 


Me,N.Q^ 




MeobT' 


(I.) 

/CH,x 




■NMe, 


Me,N* 


— n:n — 

AsO’Com'pound, 

/CH,\ 

/ Y \ 

NHa- 
Diamino-compound. 


NMe, 


•NMe, 


/\/ \/\ 




2 X /NMe^ 


Me2N‘l 

Hydrazo-compound. 

i 

OH 


■me. 


Me„H' 



'NMe,. 


Acridine Orange. 


C 


2, From jp-substituted amines and aldehydes: Ces^ 

NHa NHa 

In tbe condensation of an aldehyde with an aromatic amine in which the fara position is 
occupied, the entrant group is forced into the oHho position, and the product can be converted 
into an acridine by suitable treatment. Thus XJUmann ^ prepared 3 : 7-dimethyl-6-phenyl- 
acridine from p-toluidine and benzaldehyde i 


PhCHO + 2C7H7-NH2 

/CHPhx 


Me*C«H,-NH*CHPh-NH-C6H4Me 


OPh 


•NH, 





The method is general and can be used with aliphatic or aromatic aldehydes and^^ ^ T 
para Bubstitated aromatic amine.® Tbe metbane base may be aoritoated without ^ 

ZnCa by Bimply beating to 200-220° with p-toluidme bydiochlonde. Brom formaldehyde 

ySmtoeandp-toluidi4bydrooUoride,dimethyiaoridmeanditB dihydro denvativeareobtamed 

in equal amounts (total yield 69%). 

1 BuU. Soc. chim., 1910 , [iy], 7. 486. ‘ 

8 UUmann, Compt. rend. Soc. de Chim. de Geneve, June 1898 , Per., 1903, 36 , 0 . 
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m-Xylidiae and benzaldehyde give only a poor yield of tetrametliylphenylacridine. p- and 
fM-Nitrobenzaldeliydes have also been used with p-toluidine. 

A reaction which must be classed with these is the formation of 3 : 6 : 7-trimethylacridine 
by the interaction of /S : y-dichlorobutane and p-toluidine> The product is a mixture of the 
expected dl- and meso-diamines and the acridine. The latter may be obtained by heating t^e 
diamine hydrochloride with p-toluidine, or from acetaldehyde and p-toluidine. A possibl#> 
mechanism is the following : 


MeCHCl 

MeCHCl 


+ 2C7H7-NH2 


Me-CH-NH*C7H7 

Diamine, 


niT nrr— TVT n tt i 

^ 

+ MeCHg-NH-CvH, 



Trimelhylacridine. 


Senier and Goodwin ® found that methylene diiodide gave with aniUne, toluidines or xylidines 
only a methylenediaminej but with '\|r-cumidine, in the presence of K2CO3 at 150-160°, hexa- 
methylacridine : 


Me 

I 


Me-/\ 

ke 


+ CH2I2 


Me 

I 


Me 


^.•NTTTW 
]ke 


Me*/\ ^ ^-Me 

\/ 

llle 

Me Me 

Me*/Y Y l‘Me 

Me Me 


Me OH Me 




Me ^ Me 


Senier and Compton ® used both, CH2CI2 and CH2I2 for the preparation of acridines from m- 
xyhdine and -i/r-cumidine. They were also able to prepare 1:4:6: 8-tetramethylacridine by 
heating di-p-xylyl-methylenediamine with p-xyhdine and its hydrochloride,* though here the 
position para to the NHg group is unoccupied ; 


Me 

1 

/\ 




Me 


X 

lire 




■k 


X 

ke 



1 Morgan and Hicldnbottom, J. C. S., 1923, 123, 99, 104. 
8 1907, 91, 1929, 1934. 


8 Ibid., 1902, 81, 286. 
* Ibid,, p. 1933. 
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In tlie naplitlialene series o : o -diamino-metliane bases are readilj prepared. Reed i tot 
obtained a dmapbthacridine as a by-product in tbe condensation of /S-napbtbylamine with 
^ethylal and acetone in the presence of HOI. The same base was prepared by Morgan-^ from 

/3-naphthylamine and formaldehyde in acidified alcohohc solution : ' ^ ^ , 


2CioH 7-NH2 + OHjO 


/\ 




. /CHj\ \ 

\/\/ YY 


•NH, NH, 



E%l-^-naplitliykitune reacts similarly, giving lO-ethylditydroacridine, but witb dialkyl-yS- 
naplithylammes no ring-closure takes place and the product is 


CioH 6< \CioHe . 


\ 


NRg RgN 

a-Naphthylamme gives no acridine with formaldehyde, ^ but from naphtMonic acid an a- 
dmaphthacridine-disulphonic acid may be prepared. Bronner acid (2 : 6-naphthvlamine- 
sulphonic) behaves normally. ^ 

Haase ^ obtained almost quantitative yields of /^-dinaphthacridines from jS-naphthylamine 
and benzaldehyde or m- and ^i-nitrobenzaldehydes. The or^Ao-nitro-aldehyde failed under 
all conditions. 

Senior and Goodwin ® showed that methylene diiodide may with advantage replace form- 
aldehyde, and condenses readily with both a- and /5-naphthylamines. Methylene dichloride 
reacts even more easily than CH^Ia-® Senior and Austin represent the reaction as follows : 


(P)CioH/NH2 


DihydrodinafUJiacridine. 


A CH 1^'^ 

\/\/\/\/ 


► (OaHijN)* 

hisDinaphthacridine 

dihydride. 




\/\/ 
■ I 


By varying the conditions in the case of PhCHClg and /?-naphthylamine, they were able to isolate 
1 J. pr. Chem., 1886, 34, 160; 1887, 35, 314. 

^ J. C. 8., 1898, 73, 636; see also MoMau and Haase, Ber., 1902, 85, 4164, 

3 p 4173 4 1903^ gg^ 591_ 

^ J. 0. 8., 1902, 81, 288. « Senior and Austin, ihid., 1906, 89, 1387. 
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di-)5-nap]itliylamiiie from the product, and in-the case of CH3CHCI2 the reaction does not go 
beyond this stage * Hydrides are not formed from a-naphthylammes. _ 

Somewhat mexpected differences are observed in the behaviour of various aldehydes and the 
corresponding dihalides, a-Naphthylamine gives acridines with benzaldehyde 0-, ^id 
tolualdehydes, 0- and ji-anisaldehydes and m-uitrobenzaldehyde, but not with aliphatic aldehydes.^ 
OH2CI2 and CHMeCl2, on the other hand, react with a-naphthylam^ more or less readi 
From d-naphthylamine acridines are obtained by condensation with HGHU, riiG^U 

and PhCHClg, but not with ^-anisaldehyde or p-tolualdehyde. No acridines resulted when 
saHcylaldehyde, p-hydroxybenzaldehyde, vanilUn or piperonal are made to react with a- or 

^ ^Attempt^to obtain a “ linear ” dinaphthacridine have been unsuccessful.^ If the a-position 
in the ]g-naphthylamine used is occupied by an easily eliminated radicle {e.g. 01) it is displaced. 
If the a-group is not easily eliminated no condensation occurs : 


CO 


0H,01, 

NHa 

200 “ 




gives no naphthacridine. 

A mixture of a- and ^-naphthylamines condenses with CH2OI2 or OHgla (but not with benzal 
chloride) to give an unsymmetrioal Q <lbiaphthacridine : 



+ CHjCla 
. J-NH2 NHj 


For the preparation of mixed phenonaphthacridines naphthols must be used in place of naphthyl- 
amines (see next section). A mixture of y-cumidine and ^-naphthylamine, for example, gave 
only a mixture of hexamethylacridine and dmaphthacridine.® 

A number of more complex acridines have been synthesised by means of CH2I2 or CH2GI2 
from such compounds as 9-ammophenanthrene,® 2-aminofluorene,* and 6-amino(iuinoline.® 

^ Seniei and Austin, J- (7. d., 1908, 93, 63. ^ Idem, ibid., 1907, 91,1246. 

3 Austin, i&td!., 1908, 93, 1764. * Ihid.,v. 1766. ^ Spier and Compton, ibid., 1909, 95, 16p. 

* It is more convenient, however, to consider Senior’s syntheses in this section. Moreover, the formation 
of di-jS-naphthylamine does not necessarily imply that it is actually an intermediate stage in the reaction. 


FROM ^-NAPHTHOL, AMINES AND FORMALDEHYDE 841 

Certain aminonaplitliolaiilphoiuo adds (2:5:7, 2:6:8 and 1:5:7) give acridines by 
heating with, a mix tuie of dimethylaniline and formaldehyde : ^ 


NMe, 


SO,H 


k/U ^ k 




)H 
“ J-acU:^ 


dmOH 


SO,H 


OH* 


s/\/ 


CH 


\y 


OH 


N 


3. From p-naphthol, an aromatic amine and formaldehyde etc. : 



NHg OH 


/5-Naphthol condenses with formaldehyde to give methylene-di-y^-naphthol (I). This com- 
pound was heated with aniline hydrochloride ^ in the hope of obtaining the corresponding 
iV'-phenyldihydrodinaphthacridine. The only products, however, were (II) and (III). 




/\ 






\/ 


^CH, 

NHPh PhHH* 
(III.) 


/ 


A quite different reaction results when p-toluidine is used instead of aniline. One equivalent 
of /9-naphthol is displaced by .the base, and the product is a phenonaphthacridine : 


-OH 




O /0H,\ 

YY Y 

i^^*OH NHa-l^ 




■Me • 


1 D.B.-P. 272612, 


2 UUmann and Naef, Ber., 1900, 33, 905. 
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The same compoimd results when the naphthol, aldehyde and toluidine are comhined in 
different ways, e.g. 

ECHO + P-C10H7OH + p-Me-CgH^’NHa 
or 

+ p-c«h,-oh 


or 


'NH-CeH^Me 
CHarN-OfiE^Me + p-OioE^-OE. 


The reaction appears to be very general and has been applied to formaldehyde, benzaldehyde 
and fh- and ^-nitrobenzaldehyde * on the one hand, and p-tolnidine, o-toluidine, m-xylidine, 
^-aminoacetanilide and a- and ^S-naphthylamines on the other.^ In this way a large number 
of phenonaphthaoridines and dinaphthacridines have been prepared. 

m-Diamines react even more easily with methylene-di-/ 9 -naphthol than the simpler bases, ^ 
and here again any combination of the three components may be employed.^ 

The yields vary considerably. Thus benzal-p-toluidine and / 9 -naphthol give 39 % of the 
corresponding acridine; from benzahm-toluylenediamine the yield is 93 ‘ 6 %. w-Phenylenedi- 
amine gives only poor yields ( 24 % from /S-naphthol, trioxy methylene and the diamine; 18 % 
frpn methylene-di-yS-naphthol and the diamine; 10% from methylene-di-w-phenylenediamine 
andf /S-naphthol). 

Zenoni ® first observed the formation of a naphthacridine by the action of j 5 -naphthol upon 
the condensation product from benzaldehyde and two molecular proportions of w-toluylene- 
diamine* IJllmann employed various aromatic aldehydes and a large number of w-diamiues.* 
The yields in the case of benzaldehyde are very good. 

UUmann and Fitzenkam® extended the reaction to m-aminophenols (p-amino-o-cresol, 
jS-naphthol and benzaldehyde gave 88% jdeld, and the aminocresol methyl ether 86%). TlieJ^ 
also found that reSorcinol could be used instead of )d-naphthol with the methane basiCji 
m-toluylenediamine and benzaldehyde : 



/CEPh\ 

/ \/ 

EBa NEgi^^-NEj 


+ 


OE-(^^-OE 


/V. .CEPh. /V 
Mef Y 

NEa-l ^-NEa OE-l^^ 


•OE 


Me- 

NEo- 


CPh 

\. 


/\ 


X/ 


OE* 


(91% yield.) 


The substitution of OHaClg or CHgla for formaldehyde gives good results both with j8-naphtb.ol 

^ D.R.-PP. 117472, 119573, 123260; Ullmann, Racovitza and Rozenband, Ber., 1902, 35, 316; Ullmann 
and Fetvadjian, Md., 1903, 36, 1027. 

2 D.II.-PP. 104667, 104748, 130721, 130943; Ullmann and Naef, ibid., 1900, 33, 912; Ullmann and MaricJ, 
ibid,, 1901, 34, 4317 ; Ullmann, Racovitza and Rozenband, ibid, 1902, 36, 316 ; Ullmann and Biihler, Zeitschr. 
Farb. Text. Ind., 1905, 4, 521. « Qazz, 1893, 23, ii. 221. 

® D.R.-PP. 108273, 127586, 128754; Ullmann, Rozenband, Muhlhauser and Grether, Ber., 1902, 36, 326; 
Ullm^ and Gretber, Zeitschr. Farb. Text. Ind., 1903, 2, 89, ® Ber., 1905, 38, 3787. 

* The yield is poor with m-nitrobenzaldehyde. 


FROM o-AMINO-o'-HYDROX^BENZOPHENONES 


34a 


and witli phenols.^ ^ The xylidines, naphthylaminesj 2-anunofliiorene and 6-aininoquinoline 
na’^ been converted into naphthacridines in this way, and the xylidines have also been condensed 
with the corresponding xylenols to give tetramethylacridines. 


4. From o-amino-o'-hydroxybenzophenones etc. ; Cg 


\ / 

NHa OH 


Ge 


The hydrols obtained by Pope and Howard® from resorcinol by condensation with benz- 
aldehyde or ^-anisaldehyde react with p-toluidine and /S-naphthylamine {i,e, with ji-substituted 
^amines) to give dihydroacridines : 


Ax-CHO + OH-CgH^-OH 
OH-I J-OH NHa*! j 


Ar-CH(OH)*CeH3(OH)j > 


Me 



(Ar = Ph or p-MeO-CgHi.) 

The /3-naphthylamine products have the structure 


’ CHAr 

°X/'\/U ■ 

NH 

. . 

For the preparation of acridones ('00 in place of ’CHAr*) by a similar method the ‘NHa group 
must be specially activated. Thus 2-ammo-5-chloro-2'-hydroxy-5'-methylbenzophenone (I), 
obtained by Zincke and Siebert ® by reduction of the anthroxan from o-nitrobenzaldehyde 
and p-^resol,’* only undergoes ring-closure after nitration : 


riTTn pool, 

-f Me-CeH,-0H ^ 


/CO\ 

0\'(^/ 

(I.) 


•Me 


Cl 


Cl- 






\ 


0 


\/ 

NO 


N 

/CO\ 

NHa 

2 NO2 . 


CO 


Cl 


./ 


■Me 


NOo 


NH 


NO, 


1 Senier and Austin, J. C. 8., 1907, 91, 1240; Senier and Compton, ibid., p. 1931 ; 1909, 95, 1623 ; Austin 
ibid., p. 1766. ® Ibid., 1910, 97, 83, 976. ® Ber., 1906, 39, 1937. 
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Similarly lUlmann and Denzler i obtained phenonapbtbaoridine in 90% yield by tbe action 
of HOI at 150-180° upon tbe ketone (II). Tbe benzenesnlpbonyl group is tbe activating agent 

in this case : ^ _ 

OMe /00\ 00 

I j-NH-SOAHs + l 1 J — > I J-ljlH MeO-Yv -> \/\/\/\ 

\/\/ \/ Y I ¥hY 1 

(11.) \/ \/ 

No activation is necessary in tbe naphthalene series for tbe preparation of dibydroacridines 
or acridines (see section 3 above). 


5. From m-diamines etc. and phthalic anhydride etc. s 




C 




NHa INfHg 

In tbe place of aldehydes pbtbabc anhydride (which shows many of tbe reactions of a ketone) 
may be condensed with w-diamines, and tbe products give acridines when treated with ZnOl^ 
or 20% HOI. Thus from dietbyl-w-aminoacetanilide and phtbabc anhydride in tbe presence 
of acetic anhydride a pbtbalein is obtained which is converted by H28O4 or HOI into Flaveosin.* 
The constitution of this dyestuff was finally elucidated by Grandmougin and Lang : * 

C«H 4 <qq >0 + 23^2 1 

dlOMe 


Ac ,0 


Et,N-! 


CeH4<^?>0 


^•NHAc AcNH-l^ 


9flH4-00.( 


OODH 


20% HOI 


i-NEt, 




Et«N‘ 


YY"! 


N 

Flavdosin. 


A similar dyestuff is prepared from phthalic anhydride and m-phenylene- or w-toluylene- 
diamine with zinc chloride.* 

Sircar and Dutt ® have condensed m-phenylenediamine and also m-aminophenol with 
camphoric anhydride and have isolated the corresponding dihydroaoridine derivatives : 


08Hi4<!qq!>0 

+ X-l^-NHa + NHj 


\ 

I 

A 


0aHi4<gS0 


•X 



1 Ber., 1906, 89, 4339. 
‘D.R.-P. 141366. 


(X = -OH or -NHa.) 

2 D.R.-P. 49850. 8 Ber., 1909, 42, 4014. 

« J. G. S., 1922, 121, 1286. 
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6. From o-nitrobenzyl chloride etc. : C#/ 




= c.<; ;>< 


NH, NHj 
(OH) 


Ullniaiiii diiid Baezner ^ obtained acridines by condensing o-aminobenzyl alcohol with 
^-naphthol, resorcinol or diethyl-m-aminophenol : 




CHaOH 




^OHgOH 


^NHa 



y 

p-NaphtJwl. 


The reaction was developed by Baezner,® who found that a roixture of o-nitrobenzyi chloride 
and ^-naphthol gave phenonaphthacridine by treatment with SnClg and HOI : 



^-Naphthylamine and phenyl-^-naphthylamine give the same result, NHg and PhNEg 
respectively being eliminated. 2 : 6- and 2 : 7-Dihydroxynaphthalenes yield a hydroxy deriv« 
ative, but the reaction fails with 2 ; 3-dihydroxynaphthalene. 2 : ^-Dinitrobenzyl chloride 
reacts more readily than the mono-nitro compound, the products being aminoacridines : ® 


OH 

I 




2 : 3-Dihydtoxynaphthalene mono-methyl ether, which does not condense with o-nitrobenzyl 
chloride, gives good yields with the dinitro compound. 

1 Ber., 1902, 36, 2670. ^ Ibid., 1904, 37, 3077. 

8 Baezner and Gueorguieff, ibid., 1906, 39, 2438. 
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Austin 1 used Baezner’s method for the synthesis of a phenanthacridine from phenanthra- 
quinone : 


/N-CHgCl , CO— SD03.+H01 
l^^l-hTO, + CO-CeH, 




CH 

i\/\/ 


./\l/ 

N 




A modification of the reaction consists in condensing o-nitrobenzyl chloride first with aniline 
and reducing the product to o-aminobenzylaniline. This substance gives a naphthacridine when 
heated with /S-naphthol or 2 : T-dihydroxjmaphthalene in the presence of HCl, anihne being 
eliminated.^ 

A related synthesis is that of phenonaphthacridone by Ullmann and Denzler : ^ 


/N-CO'Cl , 


> 


OMe 


\/\/ 


/\ 

^\^CO\ 1 ^ 




HOI 


y\ 


-> 


160 - 180 ° 




\/' I 

./\nhA/ 

(90% yield.) 


7. From fluorescein etc. : Ce<Q>Ce 

m-Hydroxy-xanthones form an exception to the general rule that an oxygen ring com- 
pound is only convertible by NHg into the corresponding nitrogen ring compound when the 
oxygen hnkages are both ahphatic. The replacement in the case of these xanthones seems to 
be due to the same cause which enables resorcinol to be “amidated” comparatively easily, 
and is probably connected with the capacity for the assumption of a quinonoid configuration. 

Fluorescein by the action of ammonia under pressure gives a diaminoacridine ^ : 


C,H,<®So 

/\/\/\ 

0 

Fluorescein, 


HH, 


NH, 


c,h.<°2>0 

/Y\A 


-NH, 


NH, 


g6H4-COOH 


NH, 


N 


A somewhat similar synthesis of a decahydroacridine derivative was devised by Vorlander,® 

^ J. G, S., 1908, 93, 1765. ^ Baezuer and Gardiol, Ber., 1906, 39, 2623. ^ Ihid„ p. 4332. 

* D.R.-PP. 73334, 75933; R. Meyer, Ber., 1888, U, 3376; 1891, 24, 1413; 1899, 32, 2352. 

® lUd., 1897, 30, 1803 ; Ann,, 1899, 309, 366, 375, 380. 
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Resorcinol was reduced by sodium, amalgam to dibydroresorcinol, wliicli was condensed with 
formaldehyde and then treated with alcoholic ammonia : 


OH 


OH 


CO 

/\ 

Ha OHg 
Ha 00 
\/ 
CHa 


OHjO 


CO CHa CO 

\/ \/ 

CHj OHj 

(50% yield.) 


^ OH, 
CHo 


^C^^CHa CO 


OH, 


6h, 


\/\/\/ 

CHa NH CHa 

(66% yield.) 


Hydrogenated diketoacridines were also obtained from the condensation products of dihydio- 
resorcinol with benzaldehyde, dihydro-orcinol with formaldehyde, 5 : 5-dimethyldihydro- 
resorcinol with benzaldehyde and cuminaldehyde, and 5-phenyldihydroresorcinol with 
benzaldehyde. 


CO 

/\ 

CHa OHa 
MeCH CO 

Dihydro-orcinol, 


CO 

/\ 

OHa OHa 
MeaC CO 

Cfaj 

6 : B-Dimethyldihydroresorcinol. 


CO 

/\ 

OHa CHa 
PhClH CO • 

\/ 

CHa 

5‘Phenyldihydroresorcinol. 


8, From o ; o'-dichlorobenzophenones ; 



NHaR 


From l-ohloroanthraquinone-2-oarboxylic chloride and m-dichlorobenzene by Friedel- 
Orafts’ reaction a trichlorobenzoylanthraquinone is obtained, which reacts with ^-toluene- 
sulphonamide in the presence of sodium acetate and Cu to give a ohloroanthracridone, the 
sulphonyl group being eliminated during the condensation ^ : 



1 D.R.-P. 272297. 
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9. By oxidation of o-amino-diphenylmethanes or reduction of 


o-nitrodiphenylmethanes ; C, 




'^N-X 




In the preparation of Magenta by the oxidation of a mixture of aniline and o- and p-toluidines 
with AsgOg or HgS 04 there is always formed as a by-product a yellow acridine dyestuff, 
Chrysaniline, which appears in commerce as impure nitrate or hydrochloride under the name 
of “ Phosphine.” Pure Chrysaniline may be obtained from the commercial product in about 
50% yield ^ and has been carefully investigated by Hofmann ^ and by 0. Fischer and Korner.® 
The latter authors showed that Chrysaniline had the constitution : 



and obtained it synthetically by oxidation of Benouf^s triaminotriphenylmethane (I) * with 


AsgOg at 160-180" 


0^ 


CHO SPhNH. 
NOo ^ 


aH^-XHa 





NHp 


ASgOf 


(!•) 


i^Y 

\/\ 




N 

Chrysaniline. 


In a similar manner, from o-nitrobenzaldehyde and dimethylaniline, Fischer and Kdrner 
obtained tetramethylchrysaniline. In this case, the yield is increased to 40% by substituting 
yellow HgO for AsgOs in the final oxidation.® 


^ Fischer and Korner, Ann., 1884, 228, 175. 

® Loc. cit. and Ber., 1884, 17, 203. 

* 0. Fischer and Schatte, ibid., 1893, 26, 3086. 


® Ber., 1869, 2, 379. 
* Ibid., 1883, 16, 1304. 
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The formation of OhiTBaniline in the Magenta process * is explained on the lines of Ksdher 
and Kernel’s syntliesis : 



The preparation of substituted obrysanilines by oxidation of various mixtures of bases is 
claimed in D.K.-PP. 66986, 78377, 79263, 79586, 79877, 81048 and 122864. 

0. Fischer and Sohiitte ^ synthesised acridine itself by oxidation of o-aminodiphenylmethane 
with lead oxide : 


•NH. { 


r 


CH,\/ 

k ^ 

N(OH), 


CH 


/\/| 




\l/\ 

N 


Acridone is obtained in 40-60% yield by a similar oxidation of o-aminobenzophenone ^ ; 

KaOBr 


C,H.<“>0 + C.H. 

(86% yield.) 
00 


FbO 




800 - 350 ° 


(90%) 

CO 

rYY^ . 


+NaOH 


The hydroxylated nitrogen compound which may be regarded as an intermediate in these 
syntheses is also obtainable by reduction of o-nitrodiphenylmethane derivatives. Thus 
0. Fischer * prepared dihydroacridine in this way : 





"•Yhh>=‘- 


The conversion of anthroxan derivatives into acridines is closely related to the Fischer 
synthesis. By the action of heat upon o-nitrodiphenylmethane Kliegl ^ obtained acridone in 
36-38% yield, phenylanthroxan being an isolable intermediate : 


n XT y 


OHjPh 
NO, 


-> 


yCPhv 

Phenylanthroxan. 




CO 




NHOH 


eHs 


/CO. 


6^4- 


1 B&r., 1893, 26, 3086. * Graebe and Ullmann, Ann., 1896, 291, 16. 

3 Ber., 1896, 28, 1336. ‘ lUd., 1909, 42, 691. , 

* The suggestion that aminodiphenylamine (from the aniline) condenses with p-anunobenzoic acid (from 
tiiQ p-toluidine), as in the Bemthsen synthesis, does not fit the facts, for this would give a chrysanmne in which 
the acridine amino group was para to the N instead of to the 0 atom. 
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Pkenyl- and ^-tolyl-antluoxans are converted into acridone and 3-meth.ylacridone by treatment 
with sodium nitrite and HCl.^ 

In the preparation of phenylanthroxan from o-nitrobenzaldehyde, benzene and cono. H 2 SO 4 
or AIOI 3 , Kliegl ^ obtained as a by-product iV-hydroxyacridone which on reduction gives acridol, 
acridine and dihydroacridine : 


C.H,<®0+CeH. C.H.<®(0H)Ph ro.H,4!b>0- 


CgH4<Cj^Q“^C)BH5 y ^ 








CeH4<§.^25b>CeH4 — CBH4<gE>CeH4. 

Dihydroacridine. Acridol, Acridine. 


A small amount of acridine appears amongst the products of the interaction of o-nitrobenzyl 
chloride, benzene and AlClg, the main product being o-nitro-diphenylmethane.^ Breohsler* 
isolated iV'-phenylanthranil from the reaction products and showed that it gave acridone by 
the action of acetic anhydride and acridine on reduction : 




Acridone. 


CHo 


and 




NH 

Dihydroacridine, 


1 Bamberger, Ber., 1909, 42, 1716. 

* Qhem. Zeitung, 1907, 31, 330; 1913, 37, 1006; Ber., 1914, 47, 1629. 

* Koenigs and Nef, ibid., 1886, 19, 2431 ; 0. Fischer, ibid., 1896, 28, 1336; Freund, MoncAeh., 1896, 17, 396, 

* Ibid., 1914, 36, 633. 
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10. From anthranUic ester and magnesium phenyl bromide : 

The triarylcarbinol obtained by the action of excess of PbMgBr upon methyl anthranilate 
is converted into 6-phenylacridine when heated. The conversion is best with the picrate, 
which requires a temperature of only 100° ^ : 

OH 



11. From benzyl- or benzal- aniline etc. : 


C/ 1 .G 


N 




6 


When benzylandine is passed through a hot tube considerable quantities of acridine are 
formed. No phenanthridine or benzanilide is found in the reaction product, and indeed this 
method is a very convenient one for the preparation of acridine : 


riTT riTT 



Under the same conditions benzalaniline gave no nitrogen ring compound but only aniline, 
benzonitrile, benzene and diphenyl. Reddelien, however,® obtained a little acridine by heating 
benzalaniline with a trace of aniline hydrobromide at 230-290°. Acridine is also formed when 
benzal-o-aminophenol is distilled with zinc dust ^ : 



Za dust 



but not by the dehydration of the somewhat similarly constituted hydrogenated compound (I) : 


CHo CH 



1 V. Baeyer and Villigor, Ber., 1904, 37, 3200. “ Meyer and Hofmann, Monatsh., 1916, 87, 681-722. 

® Ber,, 1920, 68, 366. * Pictet and Ankersmit, ibid., 1889, 22, 3339; Ann., 1891, 266, 138. 

5 Boraohe, ibid., 1910, 877, 87. 
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a- and /S-Ckrysidines, prepared by Pictet and Erlicb ^ from benzal-a- and -^-napktliylamines 
and supposed by them to be pkenantbridines, were sbown by UUmann and La Torre ^ to be 
a- and jS-naphtbacridines : 



^-Ghrysidine. 


In the preparation of Rheonine from MioMer’s ketone (or hydrol), w-phenylenediamine 
and zinc chloride at 200®,® the first product is a w-aminophenylauramine (11), which is converted 
into the acridine derivative by loss of hydrogen ^ : 


Me, 




an^NMea 


+ NHa 


-NH, 


MejjN- 




OgH^NMej 

a 






Me,N 




l/x/ 


•NH, • 


N 

Mheonine. 


N' 

(11.) 


This view of the reaction is confirmed by the production of Rheonine by heating with ZnCl, 
the condensation product from Auramine base and m-phenylenediamine : 


9«H4NMe2 

.0 


/\/| X 

Me,Nl J I + 

Auramine lose. 


-NH, 


11. 


Rheonine. 


1 Ann., 1891, 266, 153. 

8 D.K-PP. 82989, 86199. 


8 Ber., 1904, 37, 2922 ; see also Graebe, Ann,, 1904, 811, 124. 

* Grandmougin and Lang, Ber., 1909, 42, 3631. 
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No aoridmes were obt^ed from phenyl-airramine (IH) and p-aminopbenyl-anramme (IV)- 
but dimethyl-m-aimiioplierLyl-auramiiie (V) ^ ^ 


^flH4-NMe2 







OgH^-NMea 


•NMe. 


‘ Uy< 

(III.) (IV.) 

yields dimethyl-Rbeonine. Bbeonines are also obtained from diaminobenzopbeuone i and by 
condensation of the o-amino- (VI) or o-acetamino- (VII) derivatiye of Mchler’s hydrol with 
m-^a^es or ^am-substituted amines such as ^i-toluidine and Maphthylamine ^ Alter- 

dimethylaniline or o-toluidine may be condensed in the presence 
of AmCl with the tbo-bases obtained by the action of sulphur upon m-tolylenediamine, w-amino- 
dimethylamhne and 2 ; 4-diaminoanisole.® 


^CHOH 


Me,N- 


(VI.) 


Me^N' 



6H4*™ea 

HOH 


(VII.) 


formation is apparently facihtated by the presence of an activating group meta 
to the N, %,e. para to the new Hnkage with the meso carbon atom. On the other hand, this may 
be due to the (para) directing power of the “activating” group, ring-closure being preceded 
by migration in some such manner as the following : 



This would account for the formation of acridines from ^-toluidine and y5-naphthylamine in 
which migration to the para position is inhibited. 


12. From diphenylamines and acids : 


COR 


This very generally applicable method dates from 1878, when Bernthsen ^ heated diphenyl- 
amine hydrochloride and benzonitrile at 230-260° and obtained in 10% yield a base, C 19 H 13 N, 
which was later shown to be 6 -phenylacridine.® The same product is obtained much more 
smoothly by heating benzoyldiphenylamine or a mixture of benzoic acid and diphenylamine 
with ZnClg.® 


1 D.R.-P. 89660. 2 D.R.-PP. 114281, 116353. 8 D.R.-P. 288841. 

* 1878, 192, 19. “ Bemthson, Ber., 1882, 16, 3011; Bernthsen and Bender, ibid., 1883, 16, 1802. 

® Bernthsen, ibid., p. 767, 
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Bestlom and 0. Fischer i prepared a base, diphenylamine, acetic acid and 

ZnClg, and the identification of this product as 6-methylacndme 2 led to a generahsation of 
Bernthsen’s method and its extension to a large number of acylated diphenylanunes : 


E 

+ iooH 


/\ 






alx)' 


Acridine itself is obtained in only small yield by using formic or oxalic acid,^ but chloro- 
form, especially in the presence of AICI3, gives satisfactory results.^ The yields with other 
acids, aromatic or ahphatic, are from 40-60%. The reaction fails with p-nitrobenzoic acid and 
with cinnamic acid. 

Substituted diphenylamines give the corresponding acridines, e.g, : 


+ E-COOH 

A A ^ 

(E = H, Me, Ph, o-OOOH-CeH^.) 


E 


■N 



d* Fischer and Schiitte® prepared a phenonaphthacridine from di-^-naphthyl-w-phenylene- 
diamine and benzoic acid : 


+ PkCOOH 

\/\ /\ 

X\nh/\/’ 





Bizzarri ’ claimed to have converted carbazole into “ carbazacridines ” by heating it with 
benzoic or acetic acid and ZnClg or with benzamide or acetamide* and PgOg. His results have 
not been confirmed. The reaction is stated to be : 



+ E-COOH 



Ber., 1883, 16, 74 2 Bernthsen and Bender, loc. cit. ; 0. Pisclier, Ber., 1883, 16, 1820. 

3 Bemthflen, Ann., 1884, 224, 3, 6. * Fisclier and Komer, Ber., 1884, 17, 101. 

® Beathorn and Curtmann, ibid., 1891, 24, 2042, ® Ibid., 1893, 26, 3086. 

» Gazz., 1890, 20, 407; 1891, 21, ii. 168, 361 ; 1893, 23, i. 1. 


BERNTHSEN’S METHOD 

by preparatiou of ac^o^ 


(a) From diphenylamine : 


Acid. 

Formic 

Oxalic 

(Cliloroform) 

Acetic 

Propionic 

Butyric 

Valerio 

Palmitic 

Stearic 

Succinic 

Phenylacetio 

Benzoic 

(Benzonitrile) 

0 -, m-, and p-Toluio 

2 : 4-I)imethylbenzoio 

3 : 5-Dimethylbenzoio 

0 - and m-Nitrobenzoic 

o-f m-, and p-Hydroxybenzoic 

p-Cblorobenzoio 

p-Bromobenzoio 

p-Aminobenzoic 

Pbtbalio 


(b) From substituted diphenylamines : 

Diphenylamine» 

Phenyl -p-tolylamine 

4"Hydroxydiphenylamine 

4-Aminocijphenylamine 
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17 
17 
21 

4, 9, 19, 24 
1, 2, 5 

23 

23 

23 

11 

22 

26 

26 

8, 9, 11, 20, 21 


«i/mwi-Diphenyl-m-phenylenediamine 

jymm-Di-j9-naphthyl-m-phenylenediamine 

Carbazole 


Acid. 

References. 

f Formic 

13 

4 Acetic 

13 

[ Benzoic 

13 

Benzoic 

28 

Benzoic 

27 

r Formic 

15 

J Acetic 

15. 

] Benzoic 

15 

1 Phthalic 

16 

Benzoic 

18 

f Acetic 

14 

\ Benzoic 

14 
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13. From formanilide etc. and m- diamines or p- substituted 


amines ; 


CHO 

CJev i + -^^8 

\NH NH, 


TMs is a modification of Berntlisen’s synthesis, in which the formyl derivative of a paror 
substituted arylamine (or of a weto^diamine) is heated with the hydrochloride of a similar 
arylamine or meto-diamine. The earhest reaction of this type is the preparation of acridine 
dyestufis by heating w-diamines with formic acid and ZnClg ^ : 


+ HCOOH 






0 




CHO 


(E = Me, Et.) 


•NEo 





w-Amino derivatives of ethylaniline, methyl-o-toluidine or ethyl-o-toluidine may also be used. 

The yellow dyestuffs of D.E.-P. 149409, formed by heating formyl-m-tolylenediamine alone 
or with OT-diamines, are probably of the same type * : 


Mc-/N 
NHa-l I 


(pHO 


NH 


•k 


/ 


■Me 

■NHj 







N 

Acridine yellow. 


Ethylamino- and diethylamino-phenols have been condensed with diformyl-m-tolylene- 
diamine,2 and the production of acridines in this way is confirmation of the view that the reaction 
proceeds via the formyldiphenylamine derivative : 


Me' 

HCO-NH 




CHO 


k 


CHO 


+ 


/Mh 


•NKEt 



■HEEt 


CH 


Me- 

NHg- 


/! 


\/ 


'\l/ 

N 


■NEEt 


(E = H, Et.) 

In a number of recent German patents ® this reaction is extended and modified as indicated 

1 D.E.-P. 67126. a D.R..p. 161699. s E.E.-PP. 292848, 307165, 346961-346963. 

* Undue weiglit must not be attached to the statement in the patent that the product from formyl- 
m-tolylenediamine is different from Acridine Yellow. 
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above. For esample, m-aminodimetliylaiiiliiie reacts with formyl-w-tolylenediamine to give 
2“aiimio-8-dmethylaimiio-3-methylaoridme : ^ ® 


Me- 

NHa- 


\i 


QHO 
+ NH, 


s's^^'NMej 


CH 


Me' 

NH, 


./\/ 




\/ 
I 

/ 


N 


■NMe, 


3-Aj]tiino-6-olilorofoxmamlide (I) similarly yields the acridine (II) : 

W 9HO NH.CH 


9 


\ I + NHa- 

\NH 

(I.) 


•NMe, 


T 

Cl ^ 

(ii.) 


A phenonaphthacridine may be obtained either from w-tolylenediamine and formyl-^- 
naphthylamine or from formyl-w-tolylenediamine and /5-naphthylamme : 






Me 


The following condensations of formyl derivatives with amines* are described in the patent 
literature : 


Formyl derivative. 

Ph-NH-OHO 

o-0,H,*NH-CHO 

NH,-1Q-NH*CH0 


Amine, References, 

m-Tolylenediamine. 3 

m-Phenylenediamine. 3 

{ wi-Tolylenedianaine. 2 

Ethyl-m-tolylenediamine. 5 

jS-Naplithylainine. 8 

m : «i-Diaminodip]ienylurea. 6 


♦ As a further extension, of the reaotion may be regarded the condensation of phthalyl-wi-tolylenediamine 
with w-toiylenediamine (D.R-P. 141356) to give 

C,H4-C00H 


Me 


/\| 

)/ 

(See sect, 5.) 


Me 

■NH. 
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Formyl derivative. 


Me-^ 



jS-OioH/NH-CHO 


OHO 


m-(H0O)NH-0eH4;NH'0O-NH*. y. , 
(one formyl group is eliminated) ^ ^NH 


€HO 

KHZ' 


■NHCO'NH 


CHO 


Amine, 

''Aniline. 
p-Toluidine. 
wi-Aminoeth.ylaniline. _ 
w-Aminodimethylaniline. 
wi-Tolylenediamine. 
Methyl-wi-tolylenediamine. 
Etliyl-9M.-tolylenediamme. 
Dimethyl-m-tolylenediamine. 
/3-Naphtliylamine. 

Ethyl-m- aminophenol, 
Diethyl-Wi-aminophenol. 

, m : w-Diaminodiphenylurea. 


m-Aminodimeth.ylaniline. 


{ w-Tolylenediamino. 
m-Aminodimothylaniline. 
2 ?-Amino-metliyl-o-toluidine. 

r»n-Tolylenediamine. 

w-Aminodimethylaniline. 

l./3-Naplithylamine. 


f2 mola. m-Aminodimethylanilino, 
: m-Eiaminodiphenylurea.* 


References. 

2 

2 

1 

4.6 

2, 1,7 

1.6 
1,7,4 
6 

2 

4 

4 

2 


6 


9 

9 

9 

6 

6 

6 


6 

6 


1 D.R.-P. 67126. 
’8 D.R.-P. 307166. 


a D.R,-P. 149409. 
’ D.R..P. 346961. 


References. 

3 D.R.-P. 149410. 
8 D.R..P. 346962. 


* D.R.-P. 161699. 
» D.R.-P. 346963. 


5 D.R.-P. 292848. 


14. From aryl-o-amino-acids : 


/COOH 


(a) Acridones of the benzene series : 

This method was first used by Jourdan,^ who condensed anthranilic acid with 2 ; 4-dinitrO' 
chlorobenzene and heated the product with cono. H 2 SO 4 ; 



COOH , 




Cl 




NO, 




NOa 


* This condensation gives two 
1 Rer., 1885, 18, 1444. 


— ^ 


COOH 


(Y I 


(I.) 


JNO2 

O 2 



mols. of diaminoacridine, both the urea carbonyls being lost. 
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The xing-closure ocouxs readily in most cases, the chief difficulty oiiginally being the preparation 
of arylanthranilic acids of the type (I). Salicylanilide when strongly heated isomeiises to 
phenylanthranilic acid, which then loses water and forms acridone ^ : 




yCO-NHPh 
OH 


C6H4 




COOH 




CeH, 


/CO\ 

CeH/ >0eH4. 


The 0- and ;p-toluidides behave similarly. 

Phloroglucinol condenses with two molecular proportions of anthranilic acid to give a 
“ quinaoridine ’’ ® : 


2 C,H.<“OH^Oh .1 J.OH 


NH-CeH4 “I 

f,.rT^COOH /\ COOH 




C TT ^00- 


NH-C6H4 


A certain amount of the dihydroxyacridone 




OH 

C TT ^1 

is also formed. From cyclohexmone and anthranilic acid Borsche and Tiedtke ^ obtained tetra- 
hydroaoridone : 


CHa CHa 


CO CHo 


220“ 


/\/"\/\0jr 

I i 1 dH'- 


y\ /\ 

.COOH .CHa OHa ^ p rr .COOH CH CHa 

\/ 

CHa CHa 

The product yielded acridone by air oxidation at 280 ° or acridine by distillation with zinc dust. 

Benzoquinone forms a dicarboxydianilide with anthranilic acid, but only a single acrido- 
nation can be brought about with cone. H2SO4 : ^ 

CO COOH C-OH 

/\ /V 

GH m^^nrr^OOOR i I 

NH 'VoH 

CO CH 

'\/\/\-NH-CeH4-C00H. 


( 4 \nH-C 6 H 4 *C 00 H ^ 
8 CH 


\/ 

CO 



461 


™ 8h 


1 Pictet and Hubert, /Irc^. /Saewces jjAys. na«., 1893, 215; Per., 1896, 29, 1189. 

* V. Niomentowski, ibid., p. 76; Baczynski and v. Niementowski, %hd., 1905, 38, 3009, 1919, 
3 Ibid., 1908, 41, 2203; 1909, 42, 624, ' * Suebanek, J. pr. Chem., 1914, 90, 475, 486. 
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!nie introduction of a nitro-group activates tlie halogen in o-ohloro- and o-bromo-benzoio 
acids so that it becomes easily replaceable by an arylamino group. Thus Graebe and Lagod- 
2 iinski 1 prepared acridone by the following series of reactions : 


(^N’COOH 

k>Hal. 


m-ZN-cooH 

l^-Hal. 

(96% yield.) 



no^/Ncooh _ 
I J-HHPh 

(96%.) 

COOH 



(90%.) 


NEg-ZN-COOH 

I J-NHPh 

( 100 %.) 

CO 



The Tise of dinitrochlorobenzene with anthranilic acid (Jourdan) has already been mentioned. 
Two trinitro-methylacridones have been prepared— the first from dinitrochlorobenzene ^ : 


Me-/\C00H , 



NO 2 


COOH CO 



the second from 3 : 6-dinitro-o-ohlorobenzoic acid ® : 


NO, 



COOH 


+ 


NH, 


■•k 


> 

/ 


Me 


NO, 


COOH NO2 

[^•Me 

/\nh/v 

N0« 




nn N0« 



These tedious methods were no longer necessary when it was discovered that arylanthranilio 
acids could be obtained in almost quantitative yields from arylamines and o-chlorobenzoio acids, 
or from anthranilic acids and aryl halides, both reactions occurring readily in the presence 
of copper powder and KgOOg. UUmann and Kipper * condensed 6“methoxy-2“Chlorob6nzoio 
acid with aniline in this way : 



•COOH 

•Cl 


+ 



COOH 

MeO*/Y 


(80% yield.) 



The following year Irma Goldberg ® obtained phenylanthranilic acid quantitatively from anthra- 
nilic acid and bromobenzene, and UUmann and Maag® similarly condensed p-dibromobenzene 


1 Ber., 1892, 25, 1733; Ann., 1893, 276, 36. 
3 Cuttitta, ihii.., 1906, 86, i, 326. 

5 1906, 39, 1691. 


® Errora and Maltese, Qazz,, 1906, 86, ii, 370, 
‘ Per., 1906, 88, 2126. 

« Ibid.., p. 1693. 
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with two molecular proportions of anthranilic acid. The method has been used for the 
preparation of a large number of acridones. 

Phenylanthranihc acid fails to react with bromobenzene, but iodobenzene gives a 91% 
yield of diphenylanthranilic acid ^ ; 



( 94 %.) ( 86 %.) 


The ethoxy-group in p-phenetylanthranilio acid is hydrolysed to 'OH during acridonation, 
whereas the methoxy group in o-anisylanthranilic acid remains.^ 

In certain cases acridonation does not proceed smoothly in the presence of HaSO^ and the 
arylanthranilio acid must first be converted into the acid chloride with PCI 5 or SOOlg, the ring 
being then closed by the action of AlOlg. This method is preferable in the preparation of 
nitroacridones ^ ; 


NO, 


COOH 
/" 


POl, 


NO 




cool 




AlOl, 




NO 




N-o-Carboxyphenyloarbazole (11), prepared from carbazole and o-iodobenzoic acid, is acridonated 
by the action of ZnClj at 280°, or by successive treatment with POI 5 and AICI 3 ^ : 



Carbazole. 


COOH 

/\/°\/\ 

Unn/U 

i 







/ \ 

\ / 

(ii.) 

\ -/ 


The following acridones have been obtained from arylanthranilio acids. Where the refer- 
ence number is italicised the Ullmann-Goldberg method was used for the preparation of the 
intermediate acid. 


CO (4) 
Nts) 


(XY 


/\/ 
NH W 
ao) 


( 2 ) 


1 Goldberg and Nimerowski, Ber., 1907, 40, 2448. 

* IJlImann, Ann,, 1907, 365, 344, 346. 

® Ullmann, Bader and Labhardt, Ber., 1907, 40, 4795. 

* Eckert, ^idel and Endler, J, fr. Ghem., 1922, 104, 86. 
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Acridone. 

1:2:3: 4;-Tetraliydroacridone. 

lO-Pienylacridone. 

1-Methylaoridone. 

3- Methylacridone. 

4- Metliylacridone. 

1 : 3-Dimethylacridone. 

1- Chloroaoridone. 

2- Chloroaoridone. 

3- Cliloroaoridone. 

4- GIiloroaoridoiie, 

1 : 3-Dichloroacridono. 
3-Bromoacridone. 
3-Aminoacridone. 
l-Kitroacridone. 


Beferencea, 

2, 3, 4, 9, JO, IS, 15a, 18, 22 
22 

17 

3, 6, 9, 10, 18 
3, d, 9, 10, 18 

10, 18 
7, 10, 18 
10, 18 
19 

10, 18 
10, 18 
10, 18 
10, 18 
10, 18 
10, 18, 20 


Beferencea. 


2- Nitroaondone. 19, 21 

4-Nitroaoridon©. 10, IS 

1 : S-Dinitroaoridono. 1, 21, 23 

3- Hydroxyaoridon.e. 10, 18 

2 : 4-Dihydroxyaoridone. 8, 12, 26 

1- Methoxyaoridone. 10, 18 

2- Methoxyaoridone. 19 

3- Methoxyacridone, 11 

4- Methoxyaoridono. 2i 

l-Carboxyaoridone. 10, 18 

3-Carboxyaoridone. 10, 18 

1 : 3-DinitrO“7-ohloroaoridon©. 1 


1:3: 8-Trinitro-7-methylaoridon6. 13 
1:3; 6-Trinitro-7-mothylaoridone. 14 


Beferencea. 

1 Jourdan, Ber., 1886, 18, 1444. ® Graebe and Lagodzinski 1892, 25. 1733. ® 

Hubert, Arch. Sciences, nat. phys., 1893, 216. ‘ Graebe and Lagodzinski, Ann., 1893, 276, QtmU 

and Kahn, ibid., 1894, 279, 272. « Graebe and Locher, p. 278. ’ Giwbe and Kaufmann, 

p. 286. ® V. Niementowski, Ber., 1896, 29, 76. ® Pictet and Hubert, ibid., p. 1189. D.K-P. 

146189. Ullmann and Kipper, Ber., 1906, 88, 2126. i» Baozy^i and Niementowski. 
p. 3009. 13 Brrera and Maltese, Oazz., 1905, 86, ii, 370. “ Outtitta 1906, i, 326. told- 

berg, Ber., 1906, 39, 1691. i®“ XJllmann and Ernst, ibid., p. 298. i“ Ullmann and Maag, ibid.,v> 1693. 

Goldberg and Nimerowski, ibid., 1907, 40, 2448, i® Ullmann, Ann,, 1907, 856, 612“^368. Ullmann 
and Wagner, ibid., pp. 369-371. *3 Ullmann and Maag, Ber., 1907, 40. 2622. Ullmann, B^er and 

Labbardt, ibid., p. 4796. Borscbe and Tiodtke, ibiZ, 1908, 41, 2203 ; 1909, 42, 624. feohroetor 
and Eisleb, Ann., 1909, 867. 101. Kliogl and Eohrle, Bor.. 1914. I 63 « Suohanek. J. pr. 

1914, 90, 475, 486. Baozyiiski and v. Niementowski, Ber., 1919, 62, 461. Eckert and beidel, 
J. pr. Chem., 1921, 102, 338. Eckert, Seidel and Endlor, J. pr. Chem., 1922, 104, 85, 

(b) NapUMcridones : 

In the napbtbalene series tbe ori/jo-arylamino-carboxylio acids are obtainable either from 
bydxoxynapbtboic acids or from naphtbaquinones. Thus Sohbpf ^ prepared a “ linear naphth- 
aoridone from the anilide of /5-hydroxynaphthoio acid : 


r- 


COOH 

•OH ^ 



COOH 


NH^ 


4’ 


(X):oH 


NHPh 


I 


ZnOl. or 
UjSO, 


CO 


XXX)- 

NH 


Both anihdes equally give the naphthacridone, the normal anilide being probably converted 
first into the phenylnaphthylamine carboxyho acid. (Schbpf suggested an isomerisation to 

/-CO-s. 

OH NHg 

similar to that occurring in the flavaniline synthesis {q.v.), but this seems unnecessary.) 

1 Ber., 1892, 25, 2740; 1893, 28, 1122, 2589. 
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By tlie action of ammonia on ^S-lxydroxynaplitlioic acid at 260 - 280 ° Mohlan i obtained a* 
dinaphtbaoridone, wMcb Strobbaob ^ prepared more easily in 28 % yield from ^-hydroxy- 
napbtboic acid and i 5 -napbtbylamine. Tbe latter base is formed intermediately in Moblau’s 
reaction ; 


(2:3-)CioH 


/COOH _ /COOH 

/ + P-CioH/NH, CioHe/ /CioH, 




By tbe condensation of /S-napbtbaqninone-i-sulpbonic acid with anthranilic acid LagodzinsM 
and Hardine ® prepared a naphthylanthranilic acid which was readily acridonated by means 
of H2SO4; 


CO 

V)» 


COOH 


* 


\A. 


COOH 


CO CO 


\/V x/X-nhXxA x/x/x/v 

n NH 

The ease with which qninones of the benzene and naphthalene series form anilides was taken 
advantage of by Hauschke ^ in the preparation of a “ Hnear ” naphthacridone ; 

CO OH CO OH . 


/\ -COOH 

CO 


.COOH 


.XX^-ntttXX, 


a) 


/\/\/\/ 

™i)H 


(76% yield.) 

The quinone from jS-hydroxynaphthoic acid condenses with p-aminophenol, according to 
290064 , to give an anilide which is converted by chlorosnlphonic acid into a naphth- 
acridone ; 


OH COOH 


CO CO 


1 OC/X/ /X.OH OCiXX/X/Xi. 

/\XXnX\/ ,xx^xxxx/ 


CO 

\XXco 

i ^‘COOH 


Similar condensations occur when a-naphthylamine and its phenyl- or jj-anisyl-derivatives are 
used in place of ^j-aminophenol, the products being of the t3q)e : 

CO CO 


2 M., 1901, 34, 4146. 

4 J. fr. Chem., 1914, 90, 451, 464, 466. 


1 Ber., 1895, B8, 3096. 

3 Ibid., 1894, 27, 3068. 
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Benzidine gives a double acridone : 


CO CO CO CO 



(c) Anthmcridones : 

In tbe anthracene series the process of “ acridonation ” has been the subject of a large 
number of patents, several valuable vat dyestirffs being obtained in this way. In one of the 
earliest of these patents ^ 2-methyl-l : 2-dianthrinude is oxidised and acridonated by alkaline 



Chlorination or bromination of o-methyl-arylaminoanthra(juinone8 at 160-176° also results 
in the formation of acridones, halogenation of the aryl group occurring at the same time. The 
methyl may be in the aryl or the anthraquinone nucleus ® : 



The anthraquiuonylanthranilic acids may be acridonated directly by cone. HjjSO^ or chlor- 
sulphonio acid, or alternatively may be converted first into the acid chlorides, which give 
acridones on treatment with AICI3. Both methods have been investigated by UUmann.® The 
second method gives a purer product and avoids the sulphonation which frequently occurs 
when HgSO^ or CISO3H is used. 



: 192436. 2 D.B..PP. 272296, 276671, 283724. 

3 rnmaim and Bone, Ann., 1911, 380, 336, 340; UUmann and Oohsner, ibid., 1911, 881, 6, 9, 10; Ullmann 
and Ballig, %h%d., p. 22; D.B.-P. 243686; UUmann and Dootson, J5er., 1918, 51, 13-24. 
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Tiie ^eld by tbe direct metbod is 94%; by the A 1 C 13 method 93 %. By simply boilmg the acid 
chloride in nitrobenzene a 76% yield of very pure acridone is obtained. From 1 : 6 -dichloro- 
anthraquinone the yield of ohloro-acridone is 70% by 78% via the acid chloride. 

1 : 4“Dichloroanthraqmnone gives similar results. 

Acridonation by sulphuric acid or CI 8 O 3 H is claimed for a variety of substituted anthra- 
quinonylanthranihc acids in B.R.-PP. 221853, 240002, 241442, 245875, 266626, 268561 and 
287614. According to the last-mentioned patent anthraquinone-jS-sulphonic acids are used, 
the sulphonic group being afterwards eliminated either by reduction or by heating the product 
in a solvent.^ 

The -COOH group may be in the anthraquinone nucleus. Thus 2 : 



Acetylated l-arylaminoanthraquinone-2-carboxylic acids are acridonated quantitatively 
by ^heating alone or in a solvent at 180-186° ® : 



Apparently the acetyl group is so readily hydrolysed ofi that it functions as a dehydrating 
agent. l-^-Naphthylaminoanthraquinone- 2 -carboxylio acid similarly gives 



Brass ^ found that when a-arylaminoanthraquinones are oxidised by MnOg and EgSO^ 


1 D.R.-P. 287615. 
8 B.E.-P. 248170. 


a D.R.-P. 268219. 

4 Ber., 1913, 46 , 2911 ; D.R.-P. 268646. 
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at 13°, diphenyl derivatives are formed. If the aryl or anthraquinone nnolens carries an 
ori^o-OOOH group, the product may be acridonated by H 2 SO 4 at 100 - 110 ° : 



The same compound is obtained from a-anthraquinonylanthraniUc acid. 1 -o-Tolylamino- 
anthraquinone- 2 -oarboxylio acid behaves similarly. 

Acridonation and the conversion of a benzoyl-o-benzoic acid into an anthraquinone are 
combined in a single operation in the method of 237646 : 


COOH 



The acid chloride and AICI 3 method of acridonation is claimed in D.K,-PP. 221863 and 237236 ; 
it is especially applicable to those intermediates in which the ‘COOH is attached to the anthra- 
quinone nucleus, e,g . : 


CO CO 
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Acid oMorides of tMs tjrpe are acridonated by beating alone or in. a solvent at 120-160° ^ 
or in tbe process of “ vatting ” with alkaline bydrosnlpbite at 70°.^ 

Tbe preparation of diantbrimide-o-carboxybc acids 


(where AQ stands for tbe antbraqninone residue) is usually diflS.cult owing to a great tendency 
to lose GOg.® Tins is diminisbed by using cbalk or BaCOs as condensing agent, but is com- 
pletely avoided by employing tbe esters instead of tbe free acids. Tbe diantbrimide-o-carboxybc 
esters so obtained ^ are acridonated by OISO 3 H at 36-40° ® or during “ vatting.” ® 




'\C00H 


AQ 


15. From aryl-o-amino-aldehydes : 


C.<(' 


CHO 


NH 


/ 


G 


8 


Closely related to tbe formation of acridones from arylantbranilic acids is the conversion 
of tbe corresponding aldehydes into acridines. Just as sabcylic acid and anibne give acridone, 
sabcylaldebyde and anibne at 260° yield acridine : 


/CHO 


/CH:NPb 

'•"■c 


/CHO 




CH(OH) 
•NH 





MOblau’s synthesis may, of course, be interpreted in several ways, but the above scheme agrees 
best with generaby accepted views upon “ acridination ” in the anthracene series (see below, 
and following section). 

Ebasberg and Friedlander’s preparation of 2 : 4-dihydroxyaoridine ® from o-aminobenzaldebyde 
and phlorogluoinol and v. Niementowski’s further condensation products from the same sub- 
stances ® are analogous to the preparation of tbe corresponding acridones from anthranibc acid 
and phlorogluoinol (see previous section) : 




CHO 

NH2 


+ 




CH OR 



1 D.lt.-PP. 237237, 248966. * D.R.-P. 237237. ® Sohalk, Dism. Darmstadt, 1911. 

* D.B.-PP. 240327, 264476, 266344. ® D.R.-P. 243686, ® D.B.-P. 246966. 

■> Mohlau, Ber., 1886, 19, 2461. « Ibid., 1892, 26, 1768. » Ibid., 1906, 89, 386. 
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From two and tliree molecular proportions of o-aminobenzaldeliyde tlie products are : 



Borscbe ^ obtained tetrabydroaoridine by heating o-aminobenzaldehyde with c^/c^ohexanone 
either for some time at 130°, or better for 24 hours in alcohoUc solution with the addition of 
a few drops of 10 % aqueous NaOH : 


/N-cho 

•NHa 


CHa 

/\ 




CH. 

. .CHO /\ 

Y 


CH OH, 


\/ 


\n/\f 


9 H 2 

N CH, 


Aryl-o-aminobenzaldehydes and their acridination products have been studied by Mayer ^ 
in an investigation of the products claimed in D.R.-P. 280711. Aniline and o-chlorobenz- 
aldehyde gave no o-aldehydo-diphenylamine, but from iodobenzene and o-aminobenzaldehyde 
the desired product was obtained (in an impure state) and was easily converted into acridine 
by means of H 2 SO 4 : 




r( TT ^CHO 


'C„H 




When o-chlorobenzaldehyde was heated with an aromatic amine, NagCOg and copper, a mixture 
of o-aldehydodiphenylamine and SchifE’s base (an azomethine) usually resulted. In the benzene 
series it was found that azomethine formation was hindered by the presence of a nitro group 
ortho to the ‘NHa and the diphenylamine was then the main product. Thus : 



(Main product.) Azomethine. 


From the mixture, by the action of H 2 SO 4 , 3 -methyl-l-mtroacridine was obtained. This was 
also synthesised from o-aminobenzaldehyde : 


OHO CH 



1 Ber., 1908, 41, 2203. 

® Mayer and Kalischer, ibid., 1916, 49, 1994; Mayer and Stein, ibid., 1917, 50, 1306; Mayer and Lewis, 
tfctd., 1919, 52, 1641. 
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2 . 4-!QiBitroaniliiie ®<iid o-ohlorobenzaldeliyde gave no azometliine, but a pure dinitro-aldeliydo- 
dipbeuylamiue, from wbicb 1 : 3-dimtroacridiiie was readily prepared : 



NO,-/ 


CHO 


NOo 




0 -, w- and ^j-CMoroanilines, 2 : 4-dicbloroanilines, 2:4: 6-tricbJoroaniline, 2-cliloro-4-mtro- 
anibne, S-obloro-^-toluidine, 2-anunofl.uorene, 2-aniinofluorenone, 2-nitro-7-aminofluoren6} 
4-nitrd-ct-napbtbylamine and l-nitro-^-naphtbylamine all gave only azometbines wben con- 
densed with o-oblorobenzaldebyde. Even 5-nitro-2-cblorobenzaldebyde 



in wbicb tbe chlorine atom should be very reactive, gave with ^)-chloroanilme only the SchiS 
base and with 2 : 4-dinitroaniline and l-aminoanthraquinone no reaction at all. 

o-Chlorobenzaldehyde and 2-nitro-4-ohloroaniline yield the nitrochloroacridine when heated 
together at 100° : 

OH 



NH, 




NO, 



l-Amino-2-methylanthraquinone and a-aminoanthraquinone ^ 
benzaldehyde iu the desired direction, giving 


also react with o-chloro- 


00 CO 



The former could not, of course, be acridinated, but from the latter by boihng with acetic acid 
and HOI a compound containing chlorine was obtained, to which Mayer and Stein assigned 
the structure : 



x/ 


24 


1 D.K-P. 280711. 
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The dyestuJc of D.E.-P. 280711, prepared by heating together o-chlorobenzaldehyde, 
a-aminoanthraq-oinone, potassium acetate and cuprous chloride in naphthalene, is apparently 
derived from this by condensation of two molecules with loss of Clj and perhaps oxidation to 
a stilbene : 

HCl.NH CcH* CeH4*NH,HCl 

Acridination of o-aldehydophenyl-a-aminoanthraquinone was brought about by Kahscher 
and Mayer, ^ by condensation with aniHne or with j0>aminoanthraquinone, mercuric sulphate 
being added as oxidant : 


CO CO 



An analogous compound, in which Ar = a-anthraquinonyl, was actually isolated from the 
products of the process described in D.E.-P, 280711, and was synthesised in the above manner, 
using a-aminoanthraquinone, by Mayer and Lewis, 6-Chloro-l-aminoanthraqmnone behaves 
in the same way. An interesting result was obtained by treating the condensation product (I) 
from o-chlorobenzaldehyde and 1 : 6-aminochloroanthraquinone with HCl (in acetic acid) or 
cone. H2SO4 : 



(I.) (X = -Cl or ‘SO^H). (11.) 


The product (11) from 2-ohloro-l-aldehydoanthraquinone and a-aminoanthraquinone gave a 
similar sulphate with cone. H2SO4, 

These compoxmds axe strong confirmation of the view of the reaction given on p. S67, for 
they are simply the hydrochloric and sulphuric esters corresponding to the final intermedate 
there figured, namely dihydroacridol. 

1 Btf., 1916, 49, 1994. 
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16. From aryl-o-aminoketones : 


/COR 


CO 






Aloi, / Main product. 


Ph 

bo 


CY n 

VXxnrA/ 



6 -Plienylacridine forms only 2-3% of the product, but Ullmann and Ernst were able to obtain 
nbstituted acridines in fairly good yield by first synthesising the appropriate o-phenylamino- 
bemiophenone and subsequently treating it with cone. H 2 SO 4 : 

Ph 

dio 

+ A NO,-/\cOPh ™=. UO.-iA^ /N 

k> u-" ^ v\„a; 

(III.) 

Ph 

b 

NO,/ V 



The substitution of sodium acetate for H 2 SO 4 raised the yield of 3-nitro-5-phenylacridine to 80%, 
and it was found that the product could be obtained in one operation from nitrochlorobenzo- 
phenone (III) by heating with sodium acetate and anihne. o-Anisidine, ji-phenylenediamine 
and a- and /S-naphthylamines reacted similarly, though the first of these gave only 20 % yield. 
The methoxynitroacridine is obtained almost quantitatively by the two-stage process : 



"2 1 1*5?^^ q- 



Ph 

60 

NO 

'I I I , 
OMe 

1 Per., 1906, 89, 298. 


H,so^ NOg 



(95% yield.) 


OMe. 
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A similar reaction was used by Borscbe ^ for the preparation of tetrabydxojacridines.^ ^ 
a-acetylc^cZobexanone (from cyclohexanone, acetic ester and sodium) condenses with aniHue in 
glacial acetic acid to give a difficultly separable mixture of anihdes (IV and V). Thwe are 
converted by cone. H2SO4 at 100° into 5-methyltetrahydroacridine and the corresponding 
phenanthridine : 


CH2 

/\ 

Ha CH-COMe 
Ha CO 

\h. 


PhNH, 






Me 

OH. 0 

•tlo H 

Ha 8 


(V.) 

CHa I 
/\ 

;Ha OHa 

Hj, 0 










Me:N 


m-Aminophenol gives only one anilide (type IV) with acetylcycZohexanone and with 2 -acetyl" 
6-methylcycZohexanone. Treatment with H2SO4 gives the acridine derivatives (VI) ; 

Me Me 

6 CHo C 




R-OH 


OHa N 
(R=:H,Me.) 

(VI.) (vn.) 

There seems to be no tendency to form the isomeric 6-hydroxy compound (VII), 

In a further synthesis of the same type Borsohe ® avoided the formation of phenanthridines 
by using an o-aminoketone (in place of aniline, etc.) and cyclohexanones (in place of their acetyl 
derivatives). One of the most readily accessible o-aminoketones is isatic acid (or its anhydride, 
isatin), and this was found to give tetrahydroaoridine-6-carboxylic acid in 90 % yield when 
warmed for 24 hours with 33 % KOH and cyclohexanone ® : 


9OOH 


CO CH, 




/\ 

, 9^2 9^2 
CO OH, 

\/ 

CH, 


\/\ 

HHa v.'xxa 

1 Ber., 1908, 41, 2203; .4nn., 1910, 377, 89-122. 


COOH 





COOH 
0 GH, 



^ Log, cU. 


H OHa 

290703. 
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general. cycZoPentanone and cycZolieptanone yield tomologons ring 

“ 4-Ltlivl+et!o!S. and Stiickensclimidt 2 tare reoentiy^obtainel 

^ and ‘‘S-nxethyltetrophan” from isatin and tlte corLponding 


CHMe 

iHj 
Ho 


CO 


+ 


I 

\ 


i^-MetJiyltetralone. 


CO 

\/ 

NH 

Isatin. 


J 


CHo 

/\q/ 

/\/^\ 


MeCH 


COOH 

•C 

\/\ 






N/ 

i-Methyltetrophan. 


StoI16 m hs investigation of the aryloxamic chlorides (see Indoles, p. 101 ) observed the 
formation of acndines m certain cases, Friedlander and Kimz ^ had shown that Y-phenyl- 
isatm, boiled with NaOH, was converted into acridine-5-carhoxylic acid (VIII) : 


CO 

\/"\ NaOH 

CO >■ 

/ 

NPh 


900 H 

9 

/\ 

II 

— rv 

II II 

L J 



X) 


(VIII.) 


StoU4 found that diphenylamine and oxalyl chloride treated with AICI 3 gave not only iV-phenyl- 
isatin hut the acid chloride corresponding to (VIII). Y-ji-Tolyl-S-methylisatin (IX) gives no 
acridine when heated with NaOH, but di-p-tolylamine and oxalyl chloride readily yield the 
corresponding dimethylacridine (*0001 being lost as OOg and HOI) : 


CO 


X-C7H7 


Me-/\ 


COCl 

COCl 




/Nmc 

\/ 



CO 

\/\/:. 

(IX.) 

A-Phenyl-a-naphthisatin (X), iV-phenyl-)5-naphthisatin (XI) and iV-j 6 -naphthyl-^-naphthisatin 
(XII) give the corresponding acridines in the normal manner with boiling NaOH, but the oxalyl 
chloride method gave only the isatins and no acridines. 


/\ 

I 1 CO 

\/\/\ 

I I CO 

\/\/ 

NPh 

(XI.) 


Borsohe, he. cit. 

8 J. fr. Ohem., 1922, 105, 137-148. 



1 CO 

/\/\ 


CO 


\/\/ 

N— 


(XIL) 

8 Ber., 1923, 56, 1724. 
* Ben, 1922, 55, 1605. 


(y 




87-4 AGEIDINES 

The following arylaminoketones have been converted into acridines and naphthaoridines * ; 


Arylaminoketone from 


Beferences. 


r 


f^-COPh 

IJ-Cl 

"N-COPh 
Me-j^-COMe 

V-ci 

Me-f^-COPh 

V-Ol(Br) 

NO,-A-COPh 

IJ-Cl 

NOj/V-CO— ^\.OMe 

l^>ci 

NOj/\cOPh 

2 - AcetylcycZohexanone 

2- Aoetyl-5-m8tliylc2/cZohexanon0 

0- Acetyl-camphor 
cycZoHexanone 

3- MethylcycZohexanone 

4- MethylcycZohexaiione 

Pulegone 

1- Methyltetralone 
3-MethyltetraIone 
JV-Phenylisatin 
Diphenylamine 
Di-p-tolylamine 

N -Phenyl- a-naphthisatin 
N -Phenyl-j8-naphthisatin 
A'-/3-!Naphthyl-/5-naphthisatin 


{ o-Nitroaniline. 
3-Nitro-p-toluidine. 

2 ; 4-Dinitroaniline. 
2-Nitro-4-ohloroaniline. 


, /Aniline. 

l«j-AminophenoI. 

, /Aniline. 

' Iw-Aminophenol. 

-f- w»-Aminophenol. 

, /Isatin. 

IDibromoisatin, 

{ Isatin. 

Dibromoisatin. 
o-Aminoaoetophenone. 
, /Isatin. 

iDibromoisatin. 

, /Isatin. 

iDibromoisatin. 

-f Isatin. 

-{- Isatin. 

Oxalyl chloride. 

-|- Oxalyl chloride. 


riodobenzene. 

-j- -I a-Bromonaphthalene. 

[jS-Bromonaphthalene. 

-f- 2 : 4-I)initroani]ine. 

, /2 ; 4-Dinitroaniline. 

\3-hiitro-p-toluidine. / 

{ Aniline. 'j 

o-Anisidine. 

a- and j3-Naphthylamines. T 

p-Phenylenediamine. J 

-j- Aniline. 

{ Aniline. "v 

o-Aminophenol. [ 

a-Naphthylamine. j 

p-Phenylenediamine (single and double). J 


3 

3 

3, 4' 
3 


8 

8 

6 , 6 
6 
6 
6 
5 
5 


* For acridmationa in the anthraquinone series, see next page. 
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References. 

1910 377, 89-122. ‘ D.R.-P. 290703. s gtoU6 igSSTwT^- 

tiT. Braun and Stuokenschmidt, M., 1923, 56, 1724, > > iv 

In the anthraq^uinone sexies a-arylandrio derivatives are converted into acridines by treat- 
ment with cone. H 2 S 04 .^ The ring-closure occurs in exactly the same way as with the aryl- 
o-amino -ketones and -aldehydes described above and in the preceding section. Thus ; 

VNco . 



/ 


Phenyl-a-amno- 

anthraguinone. 


N 


/ 


The constitution of the products was elucidated by Dammann and Gattermann.® The reaction 
has been applied to a large number of substituted a-aminoanthrae[uinones and appears to be 
quite general. Friedlander and Schick ® “ acridinated ” Alizarin Irisole : 


CO OH 



CO OH 



while arylated 1 : i- and 1 : S-diaminoanthraquinones undergo a double condensation. The 
reaction has even been extended to “ dianthrimides,” Algol Brown H and Algol Olive K being 
acridinated products of this type ^ : 


CO NHCOPh 
'\/\/ 



/ 


CO NH-COBh 
.1 




PhCO-NH/ 


Algol Olive R. 
1 D.K-P. 126444. 

8 Ibid., 1903, 2, 430. 


\/ 
/-Y^ 


CO 

PhCONH^ 


CO 


X 


Algol Broion R, 

8 Z. Farh. Text. Ghem., 1902, 1, 325. 
* D.R.-P. 239544. 
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Phosphoric acid at 160° may be used in place of H 2 SO 4 in the acridination of phenyl-a-amino- 
anthiaquinone/ and in some cases zinc cMoiide and glacial acetic acid bring about the 
condensation.^ 

l*Aiylaniino-antbraquinone-2-carboxylic acids give acridmes with sulphuric acid of 60° B4. 
at 90-100°,® while with more concentrated H 2 SO 4 the products are acridowcs (see next section). 

Other acridinations in the anthraquinone series are described in D.R.-PP. 268808, 266726, 
268464, 269194,^ 272614 and 330672. 


17. From JV-a-anthraquinonylisatins : 


COOH 

ydo 


The ehmination of *00* from certain iV>substituted isatins by the action of H 2 SO 4 * or AICI 3 
is described in D.R.-P. 286096 (1914) : 


CO 

CC() 

CO 


(.Q ra-an* 

yyV • 


The same conversion into acridone is brought about by treating the isatin with NaOH and 
then vatting ” in the usual way with hydrosulphite. The course of the reaction seems to 
be as follows : 




COOH 


COOH 


+ HCOOH 

A5<:^>CeH4. 


(AQ and AQ represent mono- and di-valent anthraquinone residues.) 


The anthraquinonylisatins are obtained from a-chloroanthraquinones and isatin or from 
a-arylaminoanthraquinones and oxalyl chloride : 


• n +C1CO-COC1 




1 D. Pat. Anm. F. 12993/1901. 2 D.R.-PP. 126444, 269194. 

8 D.R.-P. 262469. * E.P. 8143/1911. 

* Under other conditions H 2 SO 4 conyerts anthraquinonylisatins into acridines as in Stolid’s method 
(p.373). 
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.CN 


18. From arylaminoanthraquinone-o-nitriles : C 


Aoridones of the aathraquinone series are obtained by treating with H 2 SO 4 an arylamino 
antEraqninone in which a -ON group is ortho to the -NH- either in the aryl or the anthraqninon 
nnolens.^ Thus : 


CO 9*^0 




nh:cYY 








CO 90'V/ 
00 



qom-<Z) 


ON 


k 


CO iF-vIk 


/ 


CO 


CO NH-yy 

\/\A/ 

CO 


^I^h.© advantage of this method is that there is much smaller tendency to form acridiwes than ii 
the case of the carhoxyHo acids, Phenyl-l-aimnoanthraquinone- 2 -carboxylic acid is easil; 
converted into the acridine ^ : 





\/\ 

/S.COOH 


^ ^"0 


but the products from l-arylamino- 2 -cyanoanthraquinones consist almost entirely of th 
acridones. 

^“Oyanoanthraquinones are difiicult to prepare, but l-amino- 2 -bromoanthraquinone i 
readily converted by the Sandmeyer reaction into the l-cyano- 2 -bromo-derivative. This is hydrc 
lysed by ammonia, but with aniline and even more readily with a- or j5-ammoanthraqunon 
it eondenses without hydrolysis. 


^ SohaarachmicU, Ann., 1914, 406, 95. 


® D.R-PP. 126444, 239544. 
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19. From o-methyldiphenylamine derivatives : 

By passing the vapours of o-tolylaniline through, a hot tube Graebe ^ obtained considerable 
quantities of acridine : 

CH3 

./\ -4H 


NH 



Di-o-tolylamine similarly gave 1-methyl-acridine. 

Oxidation with sulphur leads to a similar acridine synthesis from m-tolylenediamine and 
a- or /9-naphthol or -naphthylamine.^ The mixture of bases (or base and naphthol) is heated 
with ZnClg and sulphur at 180-190° and gives a yield of about 20% : 


NH. 




NHa* 


CH3 

/\/ 
I 1 

NH 


From a-naphthol or a-naphthylamine the product is : 

OH 


A/vn 


Nitrobenzene has also been used as an oxidant ® 


OH 


NH, 


•O^YY 


8~nap1ithacridine. 


Y\. 


CH3 


YY.tvTp igo“ 

NH,*l >NH; + NHa-i^^-NHa ~ ‘ 

NH N 


OH, 


/\Y YY.Me 


CH 


•NH, 


N^^ i'«4UL2 


NH, 




The 2 : 4-tolylenediamine maybe replaced by the 2 : 6-isomer or by 4 : 6-diaminoxylene. Alter- 
native constitutions for the products are possible in each case. 


1 Ber., 1884, 17, 1370. 


a D.E..P. 130360. 


3 D.E.-P. 258660. 
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UUmann and La Torre ^ similarly obtained pbenonaphthacridine from o-tolyl-a- and 
^-naplitbylamines by oxidation witL PbO or sulphur, the yields being 60% for the a- and 25% 
for the ^-compound. The products are identical with Pictet and Erlich’s a- and /?-Chrysidines 
(see p. 362) : 


CioTVOH 4 * 0-C7H/NH2 




CH 


/N. yv yvv (PbO) 


J 



N 

\ 

a-Chrysidine. 


CH3 


CH 


X 




NH 






^'Chrysidine, 


The thio-di"/3-naphthol prepared from /9-naphthol and sulphur gives with m-tolylenediamine 
a 20% yield of an aminophenonaphthacridine ^ : 



Amino-P-cTirysidine. 


When the hydrochlorides of certain aromatic amines, especially xylidines, are methylated 
with MeOH at high temperatures (270-300®), methyl groups wander to the nucleus and give 
mesidine and y-oumidine; in addition there is formed a small quantity (4-6%) of methylated 
acridines. Thus Liebermann and Kardos ® obtained tetra- and hexa-methylacridines from 
4- and 6-m-xylidine, di-, tri- and tetra-methylaoridines from m-toluidine, and hexamethyl- 
aoridine from ^-oumidine : 




CHgMe 

/\Me 

V\/\/ 

L ™ ii. 



i-Cumidine. 

1 Ber., 1904, 87, 2922. ® XJllmaim and Buhler, Z. Farh. TexL Chem., 1905, 4, 621. 

3 Ber., 1913, 46, 208; 1914, 47, 1663. 
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yX GHAr 


Turpin obtained a dinitropbenoxazine from o-anunopbenol and pioryl oMoride : 


OH 

/V , no,/\no, 

U\ °V 

NH, Ia 


Y NO,- Y-NOj 

./\nh/V 

NO, 


\/\/\. 


Kehxmann, Eamm and Schmajewski ^ have devised a similar synthesis for dihydroaoridines 
(“ carhazines ”), the -OH of the o-aminophenol being replaced by a 'OHAra group. o-Amino- 
triphenylmethane reacts readily with 2 : 6-dinitro- or 2:4: 6-trinitro-chlorobenzene, and the 
secondary amine so formed gives a dihydroacridine when boiled with quinoline : 


CHPh, 


\/\ 




CHPha 

i^Oa/\(NOa) 

\A, /V 

NH 


XX)' 


2 : 4-Dinitrobromobenzene gives the secondary amine 

CHPh 

/y No,-y-ifo,^ 

but no ring-closure occurs on subsequent treatment with quinoline. 

The reaction also fails when the group •CHPha i® replaced by ’CHg, ‘CHaPh or ♦OHMes 
but is stated to be general for compounds of the type 

CHAr, 


NO,-|/\(NO,) . 


/\/ 
™ Ao, 


jffelv. Chim. Acta, 192L 4, 538. 
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21. As by-product in UUmann’s carbazole synthesis ; .C. 


In the decomposition of o-tolylaziminobenzenes by heat there is formed in addition to 
4-methylcarbazole an appreciable quantity of acridine : i 


COOH*/\nH 2 Me/\ 

Uvnh-A/ 




4-m-Xylylaziininobenzoio acid similarly gives 3-methylaoridine. 

1 Ullmann, Ann.^ 1904, 882, 82; DeMtra and Ullmann, Zenfr., 1904, i, 1568. 




CIIAPTEB XI 

PHENANTHRIDINBS AND OTHER POLYNUCLEAR 
PYRIDINE DERIVATIVES, 

( 6 ) ( 8 ) 

( 7 )/\( 6 ) 

\ / 

(8) N 
( 10 ) 

Phenanthridine. 

Introductory ; 

Syntheses leading to ptenantliridine or its d,erivatives may be grouped as follows, 

I. From diphenyl derivatives : 

Tbe most important synthesis in this group is the conversion of phenanthraquinone into 
phermithridone via o-aminodiphenyl-o'-oarboxylic acid (sect. 1). 


)OOH NH, 


&. - i 


0 9 ® 
O-NH 


A method which recalls Bemthsen’s acridine synthesis is Pictet and Hubert’s dehydration of 
o-acylaminodiphenyls, which leads to phenanthridine and its O-substituted derivatives (sect. 2), 
Phenanthridine is formed by dehydration of the oxime of o-aldehydodiphenyl (sect. 3) and 
phenanthridone from fluorenone-oxime by Beckmann change (sect. 3), The pyrrole ring of 
iV-methylcarbazole is widened, with production of phenanthridine, when the compound is 
distilled (sect. I). 

II. Ring-closure between the two benzene nuclei : 

The production of phenanthridine by distilling benzalaniline through a hot tube (sect. 6) 
gives poor results when extended to benzal-toluidines. Benzanilide yields phenanthridone 
(sect. 6). 

The linkage of the two nuclei may also be brought about by the Sandmeyer reaction ; e,g, 
the diazo compound of o-aminobenzoylmethylaniline gives 'N-methylphenanthridone (sect. 6), 
Dehydration of (side-chain) anils of 2-acety%ck>hexanone8 leads to ieirahydrophenanthridinm 
(sect. 7). 


1. From 2- aminodiphenyl -2 -carboxylic acid ; 

Phenanthrene has been converted into phenanthridine by three different methods. The 
first, via diphenic acid, is due to Graebe and Aubin,i and has recently been repeated by Oyster 
and Adkins ^ : 

1 Ann., 1888, 247, 267 ; Graebe and Wander, ibid., 1893, 276, 246. 

8 A. 0. 1921, 48, 208. 
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9A-9cH, . 

CH=:CH 

PhemrUhrene. 


KtOrtO, 


XT .P IT 
r6^4 Y6^4 


zA.Ot 


CO-"CO 

Phemnthraquinone 


ftH— OtH. 
COOH COOH 

Piphenic acid 


Ao.O 


OeHrCeH, 

co-o-co 




NaOBr 


reH.— <?.H4 

iOOH CONHj +ir.OH 
( 97 %.) 


Anhydride 

(92%.) 


9,H, 

LCOOH NHj 


96H4-9«H4 

CO— NH * 
Phenanthridone 
( 94 %.) 


Plienantliridme results when phenanthridone is distilled with zinc dust. 

The second method, vict diphenyl-o-oarboxyhc acid, was devised by Pictet and Ankersmit 


P XT .P XT 
Y«-a-4 yeJl4 

CO-^0 

Phemnthra- 

quiwne. 


clistillca 

> 

with PbO 


CeH4 


, . OeH* 

Fluor enone. 


alkaline 


fusion 


OeH.-0,H, ^ C,H4 

COOH COOH SO, 


H, 




9eH4- 

COOH 


6H4 

Ho 


aH4*9eH, 9eH496H4* 96H4-9eH, 

CO— N N — CO CH=N 


A very neat synthesis of phenanthridone from phenanthraquinone was achieved by Graebe 
and Schestakow ® ; 


COOH 


COOH 









CO 


COOH-^ Y 

\/ 

^•COOH 


s/ 




(80% yield.) 


NHa-CO 

/\ 

Y V . 

/y™ 

(Quantitative yield.) 


0 

\/\ KOBr 

1 CO ^ 

./V 




The quantitative yield in the last stage (showing that the fluorenone ring is broken in one 
direction exclusively) is unexpected. 

To the same group of syntheses belongs Graebe’s preparation of naphthanthridines from 
chrysenquinone ^ ; 



,/y 

CO-CO 

Chrysenquinone. 


0 


anH 


Y6l^4 


f5— 

NOH 


10 


1 Ann,, 1891, 266, 142; Ber., 1893, 26, 1962; Graebe and Wander, Ann., 1893, 276, 245. 

» Bid., 1895, 284, 309, 312. ^ -.ao 

® Graebe and Honigsberger, ibid., 1900, 311, 372; Graebe, ibid., 1904, 335, 126, 128. , . , 

* A certain amount of true phenanthridone is formed in this dehydration, but Pictet and Ankersmit s 
“ phenanthridone is the bimoleoular oxidation product. 
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Beckmaiin 

— >■ 

change 


PioHe— 96 H 4 
CONH2 COOH 
(m. p. 276“.) 


+ 


aH4 

)OOH CONHg 
(m.p, 220“.) 


ITaOOl 

+3!TaOH 


NaOOI 

+NaOH 


9ioHa-9 
NH C 


6 H 4 

0 


pioHg" 
)0 — 


H 


alao 

dueb 






0 


zinc 

du4 


\=:dH 


C 




Kenner and Stubbings ^ have prepared the di-lactam of 2 ; G-diaminodipbenyl-S : 6-dicarb^ 
oaylio acid : 

NOj COOH NH-CO 

/A ) / \ /~\ , 

\ ,/ \ — / + acetic acid \ / \ — / 

COOH NO 2 \o.NH 


The corresponding dinitro-ester gives on reduction both the di-laotam and the lactam-amino* 
ester : 

NHo COOEt 

<^> 





CO-NH 


Co-Co 

2. From acylated o-aminodiphenyl : \ 

NHCOR 

Pictet and Hubert ^ synthesised phenanthridines by dehydration of aoyl-o-aminodiphenyls 
with ZnCl 2 at 260-300° : 


CoHo-^oH, 

R-CO-NH 


ZaOl, 


R 


m 


“ 9 .H 4 

:N 


(R == H, Me, Bt, Ph, -OEt.) 

The urethane (R = ‘OEt) gives only a very smaE yield of phenanthridone.® 

1 J. C. 8., 1921, 119, 601. 2 i896, 29, 1182. » Bid., p. 1188, 


FROM BENZALANILINE 


38S 


4 C ~^C 

3, From fluorenone oxime etc. ; '\/ ® 

4* C— NOH : 

Pluraenone Beckmann transformation witk prodnction of 

phenanthridone Wegerkofi toed H,SO. and PCl^ without snceess, but Kctet i and Kerp* 
by using zmc cUoride obtamed a smaU yield of phenanthridone. wHoh Kotet and Gonset» 
increased to 30% : 

CrrNOH NH • 

The closely related o-phenylbenzaldoxime gives phenanthridine by direct dehydration with 
ZnCl 2 at 280-300^ ^ 

/*i *n- /N -ri* » - 


feHi— CgHg 

!jh==n*oh 


ZaOl, 


-> 




PsH, 


^ Q Q 

4. From A^e<methylcarbazole : '\/' ^ 

N— C 

Just as alkylpyrroles give pyxidines, so iST-methylcarbazole is converted into phenanthridine 
by dry distillation. The yield is 40% ^ : 

C^rC«H., 9.H4-g«H4 

N— CHj N CH • 

Methylcarbazole. Phenanthridine. 


5. From benzalaniline : 


C. 

-N 


. By passing the vapour of benzylidene-aniline through a hot tube Pictet and Ankersmit ® 
obtained considerable amounts of phenanthridine : 


1 TT 
f'0'^-5 

) b = 


'gHs 


96H4-V6H4 

CH=N 


+ Ho 


From the corresponding o-hydroxy compounds, 


•OH 


CH=:N 


P 


and 


A 


/\ 




OH- 


CH=N 


\/ 

X 


no phenanthridine could be prepared by the action of ZnOlg, cone. H 2 SO 4 , PgOs or acetic 
anhydride, while distillation with zinc dust gave only acridine. 

1 Ohem. Zeitung, 1894, 18, 1822. a Ser., 1896, 29, 230. 

a Akh. Sci. Gen. 1897, 3, 37 ; Zentr., 1897, i, 413. ^ Pictet and Gonset, he. cit. 

B Pictet, Ber., 1906, 38, 1960. ® Ber., 1889, 22, 3339; Ann., 1891, 266, 146. 
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1 is converted at red heat into the coriesponding methylplienantlixidmei 

_ “^e derivative had previously been investigated by Etard,^ but bs product was 

"'tv Set and EiKch to be 2-pbenylmdole (p. U8), tbe phenanthndine bemg obtainable 

pbenylindole) ; 


"( X 

CH=N 


X 

CH=N 


f fiH H, 

NH 


a- and ^-Chrysidines obtained in the same way from a- and /S-naphthylamines have been shown 

w TfiiTnnTiTi to be acridine derivatives (p. 362). 

^ According to Rctet and Goneet,® benzanilide gives only a small quantity of ptenantlmdone 
wb» a hot tube, but H. Meyer and Hofmann ‘ were more successful ; 


<?.H. C,H. 
CO — Nl 


;h -9.H4 
iO ^NH 


c c 

6. From o-aminobenzanilides : ^ 

UUmann’s oarbazole synthesis from phenylaziminobenzene suggests the synthesis of 
phenanthridone from o-aminobenza^de, but the diazo-imide obtamed by the action of mtrous 
acid does not decompose in the desired direction ® : 


■() 


\ 

\o— NEt 


1^^ — n:n 

\o — 


(no phenanthridone). 


The alkylated anffides, however, can be converted into Jf-alkylphenanthridones by the action 
of heat on the corresponding diazo compounds ; 


U ^ \X 

CO — ^NMe CO 

1 Pictet and Erlich, Ann,, 1891, 266, 163. 
^. Zentr,, 1897, i, 414. , „ . , 


Xci Q 

\ / 

CO — ^NMe 


\ X 

CO — ^NMe 

* Compt. rend., 1882, 96, 730. 

* Monatsh., 1910, 37, 681. 


8 Pictet and Gonset, .4rc^. iSa. Gen., 1897, 3, 37 ; Zentr., 1897, i, 413. 
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OH H 

7. From a-acetylcj^clohexanones : 

\c— N-/ ^ 

condensation of aniline, etc., with a-acety%cZohexanone the ‘NH, may react with 

rs 72 r V g^o^P- In ae fet case an 

prAc?; * phenanthridine. UauaJly the acridine predominates" 


OHMe 

9H^CH2 
CH„ CO 

\/ 

CH 

^COMe 


PhlTHc 


CHMe 
/\ 
CH^ 9H2 
CHa CO 








'^CMe— m 


HjBO, 




CHMe 

/\ 


CHa 
CHa 






■k 


X / 

^CMern 

6 : 9-Diinethyl-5 : 6 : 7 : 8- 
tetrahydrophenanthridine. 


LILOLE AND JULOLE 


(4) 

(5)X\ 

(C)f 


(3) 


(7) 


INW 

>r 

Lilole. 




0 


\/ 

( 8 ) 


j(3) 


nw 

m 

(9) 

Julole. 


1. Lilole derivatives ; 

^as prepared by Bamberger and SternitzM 2 from a-methyl- 
dmydroindole and malomc ester ; ^ 


,CH 




COOEt C,H,4^CHMe 


COOEt /CO 

\0Ho^ 


HOI 

160-160“ ^ I 9^2 

\X\/CHMe • 

I N 


1 Borsche, Ann., 1910, 377, 80, 97. 


CO CO 

2 Ber., 1893, 26, 1297. 
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LiloUdiue itself may be obtained from dibydromdole by the method used by_I 
p. 389) for julolidine from tetrahydroq.mnolme.i a-MethyldihydromdoIe behaves sun 



Martiaet’s dioadndole synthesis (see p. 
lilolidine derivative * 


139) when applied to tetraliydroquinoline 


m 



CO(COOEt)fl 




0H« dHj 

\/ 

eila 

2t$-DiketoH 


Tetrahydxoqmnaldine (I) and 6-methyltetrahydroqmnoline (II) have also been c 
this way with mesosKilio ester. 


CH, CHMe 




(I.) 



1 V. Braun, Hoidor and Wyozatkowaka, Ber., 1918 , 51 , 1219 . 
* Guyot and Martinet, Compt, rend,, 1913 , 166 , 1625 , 
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2. Julole derivatives: 

™ P«paied by Reissert in 1891 ^ from tetrahydio- 
Lomed from etCcltcetic eL ^ oorreoponding 9-e%l-8-metbyl-10-ketoj»lolme is 

. CHg 

4- - 

\ A /CH, ^ ^^-^^COOEt 

NH 


CH, 




CH„ 


MeCO 00 

x/ 

CHR 


?H3 

I ^ 

MeC 6o 

X/ 

CR 

(R == H, Et.) 


CHa 

A\/ch; 

I N 
CO do 

\/ 

CHj 

(I.) 


Malonio ester gives 8 : lO-diketojulolidine (I). 

Pinlnis ® heated foi^auilide with trimethylene chlorobromide * and obtained julolidine (II). 
The formyl group is eliminated and a double ring-closure occurs in the two ortho positions : 


ClCHg 

A CHaBr 
NH*CHO 
CICH2 CHjBr 


k 


CH, 


9^2 

1 ^ 

CHo in, 

X/ 

CHg 

(ii.) 


The method was improved by v. Braun, Heider and Wyczatkowska,^ who heated tetra- 
hydroquinoline for eight hours with trimethylene chlorobromide : 


CH, 


^ NH ^ ■ 


CHo 


S hrs. 


8 lurB. 


H 

xA/chI 

N 

CICH2 6H2 

X/ 

CH2 


CHg 

T ^ 

CHo in, 

X 

Rindfusz and Harnack ® have prepared julolidine from aniline and trimethylene chloro- 

I Reissert, Ber., 1891, 24, 841. Idem, ibid., 1892, 25, 1190. 

» Ibid., p. 2798. * Ibid., 1918, 61, 1224. e J. A. C. 8., 1920, 42, 1720. 

*•* He expected to obtain pbenylpyrrolidone. 
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Lydxin. The first product is a mixture of secoudary bases (III), which are converted by TjOa 
into tetrahydroquinoline and julolidine respectively : 

CH,0H /\ \f 


PhNHa + ClCHa-CHg-CHa-OH 


a 


/CHa 
NH 


+ 


\/ 


^9Ha 


CH, 


(III.) 


OH’CHa CHa 
GH 


P.o, 

Tetrahyiroquinoline. 


■t 

p»o, 


Jnhirnm (II.) 


OTHEE POLYNUCLEAB PYRIDINE DERIVATIVES 
Besides acridine (I) and phenanthridine (II) 


'\/i 

.A 


N 

(I.) 


x: 


\ 


N=dH 
(II.) 


pyridine derivatives of th,e following polynuclear types have been prepared : 


0 

(in). 


N 


/-O 

\_/ N 

(VI.) 


(IV.) 


m 



y-COv 
< >NH 


\ 


(VII.) 



Eormulse III and IV represent anthrapyridines — benzoquinoline and benzowoquinolin© 
respectively and must not be confused with, the pyridanthrones (VIII), which are often loosely 
referred to as anthrapyridones. 

No simple compounds of the type (V) have been prepared, but the acridine 



i.e. 



are w^U known; they are the a-naphthacridines (see Acridines). 


■ ANTHRAPYRIBESTES 

The substance (VII) is the parent of ^eWnaphthindigo 

pen-Naphthalimide (VII) is used for several vat-dyestufis.i 
The pyridanthrones (VIII) are discussed in Chapter VII (p. 238). 
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1. Anthrapyridines 

Bemthsen and Mettegang ® condensed (^^uinolinic anhydride (IX) with benzene in the 
presence of AICI3 but failed to convert the product (X) into an anthrapyxidine (XI). The 
experiment was repeated with little more success by Philips,® only a trace of the desired substance 
being produced : 


CO 



(IX.) 


COOH 

^\/ >\ 


H,S04 


(X.) 




A better result was obtained with cinohomeronic anhydride (XII), which gave a 12% yield 
of the anthrapyridine (XIII) * : 


N 


CO 

Y^o + 

(XXI.) 


AlOI, 


N 


k 


/ 


CO 


H,S04 


^COO]^ 


N! 


CO 

YY 

YY 

(XIII.) 


Simonls and Cohn ® have prepared a mesodiphenyl derivative of 1-anthrapyridine (III) 
by the following series of reactions : 


YY’COOH 

I J-COOMe 

Y 


SPhMgBr 
^ 


CPh(OH) 

X/ 

N CPh, 


NaHg 

■ 

+ alcohol 



HjSO* 
^ 



i D.B.-PP. 276357, 276368, 276966. 

® lUd., 1894, 27, 1923; 1896, 28, 1658. 


2 Per., 1887, 20, 1209. 
* Philipp, loo. ciL 


5 Ber., 1914, 47, 1245. 
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A triketo ester of the l-anthrapyxidine type was obtained by Scholl, Bahll and Hani^j 


00 I 

/X/ 


E.PeOy, 


Quinimrin, 


CO CO 

/X/ X 


OH CH-COOH 


00 00 

X 


9H, 

ORCOOEt. 


eMer 


2. peri-N&phtbindigo 

TMs compound is obtamed from naphthastyril (p. 180) by oondenaation with cMfflwaeetio 
acid, hydrolysis and alkaline fusion, Pierz and SaJJmann * failed to obtain any pm-naphth« 
mdigo in this way, but Dutt » has been successful : 


cy 


K 

)m 


NaOOl 

+NaOH 


T^i-Naphihalimide. 


oioHiOoon 


o 


-N*CIL»COOH 


NapWhasiyril, 


— OOONa 


NttOH+ 

NoNH. 


-m-OHo-OOOKa 






3. i>cri-Naphtliallmide 


OXh ^ > 3X0 X^OOH- 

(OT.) (XV.) Vl) 

1 Ber., 1923, 66, 2663. » 

Am ft inOO If flram « v . 


• Grai’b, and gW. W., 1892. es! gf: SiilSd'&fld., 
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!0v 


<_>-oo/ 


+NH, 


rvoo^ 


“2a saas: “* -«* 7* 

*" naphtlialeiieteto«5aibo:CTKc acid (SVIP 
from.the di-anhydiide of whici they prepared the di-imide (XTOI) : 


cooH'<^ \oooh: 
COOH-Z^-COOH 
(xm) 

^ Behr £md van Dorp, Ann., 1874, 173, 270. 
, la&n, he. of. 


yyjKj—< \-_C0v 

(XVIII.) 

2 Jaubert, Ber., 1895, 28, 360. 
^ Ann., 1887, 240, 187. 


CHAPXBE XII 

SEVBN-MEMBEEBD AND HIGHER RINGS 


Introductory ; 

Tile tendency towards tlie formation of ring-structures diminislies greatly as the length of 
a carbon chain increases, and although q^uite a number of reactions result in the production 
of derivatives of hexamethyleneimine, very few examples of higher ring compounds are known. 

Seven-membered rings have been formed from 1 : 6-diamines (sect. 1), from 1 ; 6-amino- 
halides (sect. 2), from e-aminoketones of the type 

NH2-[CHa]5*C0*Il 

(sect. 3) and from e-amino-acids (sect. 4). In all these cases the ring-closure occurs at the 
nitrogen atom. Wallach’s “ wooximes ” (sect. 6) from cyclohexanones are seven-membered 
lactams. Eing-closure between carbon atoms (3) and (4) also leads in two cases to hexamethylene- 
imine derivatives (sects. 6 and 7). 

A variety of syntheses resultmg in cyclic compounds of the types 

c,H4<^Zc>c ca<°'I5>c,h, o.h,<°iSc.H4 


are described in section 8, together with an example of a weto ring, 

,, King compounds containing eight, ten and eleven members are also known. 


HEXAHETHYLENEIMINES 


1. From l:6-diamineSf: 

✓ 


1— C—C— NHj 

2— C— C— NHa 


Bargelltni ^ claims to have ""obtained 2 : 7-dimethyl-4 ; S-diphenylhexamethyleneimine by 
heating the hydrochloride of a diamine formed during the reduction of benzalacetone oxime : 

PhCH:CH-CMe:NOH PhCH^'CHg-CHMe-mj 

j-NH. ; 


Ph-CH*CHa-CHMe 

Ph-CH*OH„-OHMe 


>NH. 


1 B. A. L„ 1907, [v], 16, ii, 344. 
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2. From 1 ; 6-amino-halides : 

G-CC-NHa 

Hexamethylemmiae itself was prepared by v. Braun and SteindorfE ^ by the following 
method.'! 

Ha-CHa-CHa-OPh HOlo.HBr 

Ha-CHa-CHa'NHa 80-90» ^ 

(83% yield.) 

CHa-CHa-CHaX . CHa-OHa-CHa^™ 

CHa-CHa-CHaNHa ClHa'CHa-CHa ‘ 

(100% yield.) 

The yield in the final stage was poor, only 2 gms. being obtained from 20 gms. of phenoxy- 
nitrile originally used. The constitution of the product was proved ^ by treating the benzoyl 
derivative with PClg followed by PhONa; it is thus converted into 1 : 6-diphenoxyhexane, 

V. Braun ® has also attempted to prepare seven-membered ring-compounds by the action 
of methylaimne and of aniline upon 1 ; 6-diiodohexane (I), but without success. 

Ha-CHa-CHal 
Ha-CHa-CHal ' 

( 1 .) 


!H2*CHa*CHa*OPh . 

!Ha*CHa-CN Na+aio. 


3. From c-aminoketones : 555^^ ^ . 

G'G'G’JNUa 

Gabriel found that in the series of ce-aminoketones, NH 2 *[CH 2 ]a!’CO*R, cyclisation occurred 
immediately upon liberation of the base from its salts if a; = 3 or 4, but where ic = 6, the free 
baae showed no great tendency to ring-closure.* e-Aminocaprophenone, NHaCCHgJs'COPh, 
gave no ring compound, but the corresponding methyl ketone was cyclised by the action of 
H 2 S 04 »: 

t> wtr XT ^ 00 ..^ r. rr CH.OO-OHNaOOOEt .xr^C) 0 .^n -rr 


■> 


CO. 


Me*CO‘CH2‘[CH2]4-N<cQ>CaH, 


EC SO 

Me-COdCHals-NHa 


™ CMeiCH-CHa 
"^CHg-CHa-CHa 


An alternative synthesis is from e-aminocaproic acid (see p. 396) : 
PhCO-NH-ECHals-COOH 


rCl. NaOIICOOOBt), 

— 5^ Ph-CO-NHECHala-COCl ^ 


Ph*C0»NHiCH2L'C0-CH(C00Et)s 


NH,-[CHJ.-CO-CH, ™<Ch'oh'S‘ 


The yield of e-aminoketone by this method is 23% on the benzoyl-s-aminocaproic acid. 

1 1905, 88. 3086, * v. Braun, ibid., 1910, 43, 2855. ® 

* Gabriel and Colman, ibid., 1908, 41, 2014. ® Gabriel, ibid., 1909, 42, 1-oJ. 
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e-Ammocaproplieiione gives a seven-membered ring compound on reduction ^ : 


™ Ph-CO-CHa-CH, 




'""CHa CHa CHa 


CHPh-CH-OHa 

CH2-CH2-CH2 


It thus appears either that e-aminocaprophenone shows no tendency to enolise under the 
conditions employed, or that the fully saturated CgN ring is more easily formed than the same 
ring containing one double bond. 


. r, . CCGOOH 

4. From e-ammo-acids ; ' ^ ^ 

CG-GNHa 

e-Aminocaproic acid was synthesised by Gabriel and Maas ^ from y-phenoxybutyronitrile. 
It gives a lactam when heated : 


EON NaOPh 

Cl-CH«-CH,*CH,*Br 5- C1-CH,-CH,*CH,*0N ^ 


^2 '^’^’^2 

PhO-CH,-CH,*CH,*CHo-NH, ^ 


PhO-CHa*CHa-CH,*Chr 


2 

PA HBr 

Ph‘ 0 -[OHa],-N<gg>CeH, ^ 


Ti rntr NaOH(OOOBt), HOI 

Br-[CH 2 ] 4 ‘N<(.Q>CoH 4 ^ (OOOEt)a-CH-[CHa] 4 -N<co>CaH 4 ^ 


(55% yield.) 


heat 

COOH*[CHa] 6 -NHa ^ 

t'Aminocaproic acid. 


NH< 


CO-CH,-CH, 
OH. 


-CHa-CHa- 

•CH./CH,’ 




The same acid was obtained by v. Braun ® from benzoylpiperidine. The yield of lactam 
is only 20-30%, calculated on the acid. It is identical with Wallach’s cwcHohexanonewooxdme 
{see p. 397) : 


pTT #pTT POE 

Ph-CO-K<QH2pg;>(jjj^ — -> PhCO-NH-CCHali-CHaCl 


Kon- 


PhCO-NH-[CH2]4-CH2l - — ^ PhCO-NH'ECHal^-CHaCN 


NHadCHah-COOH 
e-Ami-nocaproic acid. 


.CO-CH,-CH, 


■> NH< 


CH, 


-CHa-OHa 
rCH,*CH, • 


Nol 


^ Gabriel, Per., 1909, 42, 1267, 


2 Ibid., 1899, 82, 1267. 


8 Ibid., 1907, 40, 1839. 
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5 . From oximes of cuclohexanones etc.; 9*^*9 

cc-g:noh 

As lias already been explamed (p. 235) tbe product of tbe Beckmann change in the case of 
the oximes of cyclic ketones is an isooxime,” which is a lactam formed by absorption of 
into the ring. 

The first example was the conversion of menthone oxime (I) into its isooxime (11) by means 
of BClg or, better, cone. : 


CHMea 
IJH-CHa-OH, 
N0H:C— CHa-OHMe 
(I.) 


CHMej 

CH-CH^-CH, . 
^CO-CHa-CHMe 


( 11 .) 

(60% yield.) 


The simpler ct/clohexanone oxime behaves quite similarly ^ : 


CHa-CHa-CH., 
N0H:C — CHvCH, 


NH< 


•CHa-CHa-CH^ 


CO-CHg-tHa' 
(70% yield.) 


From 3-methylc^clohexanone oxime two isomeric isooximes are produced ® 


GHa-CHMe-CHs 
N0H:C — CH„-CHs 


CHa-CHMe-CHa 
“^CO-CHa— CHa 
(i5.) 


.CHa-OHMe-CHa 

+ ^NH-CHa CHa’ 

(a.) 


3:3:6- and 2:4=: 4-Trimethyloyci!ohexanone oximes also yield pairs of isooximes ^ : 
,CH,*CHMe-CHo 


vTT^vjo.a’ vAiiTio vij-a 

^CO-CHa-CMea 


and 


pp CHa-OHMe-CHa 
"^NH-CHa — CMea ’ 

CHMe-CHa-CMea 
^CO-CHa OHa 


and . 


Only one isooxime has been isolated in the case of menthone and of tetrahydrocarvone.® 
Beckmann and Liesche « have extended the reaction to p-nitrosophenol Tl^ 
gives only HCl addition products when treated with the Beckmann mixture or with PClg, but 
it can be converted into the isooxime by heating with benzenesulphonyl chlorde and PF™®' 
The benzenesulphonate of nitrosophenol is first formed and this gives the ^sooxlme when further 

heated with pyridine : 

CKOH-CO . 0H:CH.p-0-S0,Ph 

noh;J-ch=6h no-(!!=ch-ch co-ch.ch 


The dioxime of benzoquinone gives no isooxime. 


‘ iZ: M.: S, m m! m ' * ’ ■ • 56. 13. 
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Q QX 

6. From -y-dibromodipropylamine ; N<;q — q — 


The Fittig-Wurtz synthesis has been applied by v. Braun to the preparation of i'^-cyano- 
hexamethyleneimine.^ The yield is small ; 

^ tJN J>^<r!TT .nH„*CH„Br ^^^CHs'CH.’CHa’OPh 


Br-LCHJa-OPh + NaaN-ClST 
Sodium cyanamide. 


'CHg-CHa-CHgBr 
+Na 


Q (2 — COR 

7. From di-[phenacylomethyl]-methylamine ; N<q__q_qq|^ 


The secondary amine (I) obtained by the action of methylamine and formaldehyde upon 
acetophenone ® is converted into a cychc pinacone when reduced with activated aluminiuna 
and water : 


MeNHa + CHaO + 2CH8COPh ^®N<ch'*CH -COP h 

le, MeNH>CHg(OH) ® (I.) 


MeN< 


CHa*CH»*CPh(OH) 

CHa‘CHa‘CPh(OH)‘ 


8. Bcnzo- and dibenzo-derivatives j 

i/ TetrahydiohomoquinoUne was prepared by v. Braun and Bartsch ® in good yield from 
o-amino-co-ohlorobutylbenzene : 


, ^ .CHa-CHs 


CHaCl 


flllnlfl 
NttOH 
^ 


CeH,< 


CHa*CH 
NH 


3-9H2 
-CHa * 


Other methods of obtaining this compound or its isomeride— heating the corresponding diamine 
hydrochloride (I) or treating co>aminopropylbenzene (II) with formaldehyde— were completely 
unsuccessful. 


, „ ^CHa-CHa-CH 
'® ^"^NHa CHa-NHa-HCl 


(I.) 


n TT ^CHa’CHa’QHa 
® ® (CHaO) NHa ‘ 


(II.) 


1 Ber., 1913, 46, 1787. ® Mannioh and Heilner, t6tU, 1922, 66, 358, 364. 

® Ibid., 1912, 46, 3376 ; v. Braun and Zobel, ibid., 1923, 66, 690. 
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HEXAMETHYLENEIMINES 

•SomoliydrocarboBtyiil is the lactam of o-aminophenylbutviio ap!,l ~'ri,. -j,- 

img-olosme at once on liberation faom its salts': ^e free amd nndergoee 


CHj 

'Y\9h, 

N-COPh 


POl, 


n -rr ^CHa-CHa-CHoCl 


Kosr 




L ® ‘^NH. coohJ 


NH ( 




Beokmann and Liesclie^ have studied the conversion of yS-nitroso-a-naphthol into an m- 
oxime (see p. 397). By the action of PClg in ether, the Beckmann mktore or b^eae- 
aulphonyl chloride and ppidine a compound OioHeONCl, m. p. 207°, was obtained, the cddorine 
of which was readily hydrolysed by boiling water to give the substance CioH^O^N, m. p. 179® : 


CeHK 


oo—o:noh 

CH=:CH 


or H4O 

CioH^ONCl 
(m.p. 207®.) 


c«h,<^o®_^cn (m.) 


or 


C6H4<S^J.^>C0 (IVa.) 




'CH=OH 

C6H4<^.^^C0 

CioH^O^N 
(m.p. 179®,) 


(Wb.) 


Borsche and Sander ® had previously obtained by the action of PCI 5 an isomeric Cj^HgONCS, 
m. p. 83°, to which they gave the structure (I). Beckmann and Liesche suggest for Borsche’s 
compound the formula (II) and for their own the formula (I). These two compounds may, 
however, be tautomeric forms. 

The dloximes of a- and /S-naphthaquinones give no wooximes, nor does A-nitroso-l-naphthol. 

A dibenzo-seven-membered ring was prepared by Beckmann and Liesche * from anthra- 
quinone monoxime : 

^ .x AO,. TT n TT TT 

CgH4<C(^_>0gH4 — :: ^6ti4<--MTT.nn^'^6-'^4* 


NOH 


chloride 


This change is not brought about by the Beckmann mixture, by cone. HaS 04 or by benzene- 

sulphonyl chloride and pyridine. . 

A sMar Beckmann ehange was observed as early as 1889 « m the case of phenanthraqumone 


monoxime : 


CeH4- 

00— 


"CgH^ 

-C 

NOH 


C«H 


6-^4 


-CM. 


CO-NH-CO • 
Imide of dipMnic acid. 


1 V. Biann, Ber., 1907, 40, 1841 ; t. Bmm ‘ £«■ “<•. P- 18- 

2 n,;j 1923 66, 5. 7W., 1914, 47, 

fi Bectoaim’and WegerhofE, Ann., 1889, 252, 14. 
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Here the Beckmami mixture succeeds, while cone. H2SO4 produces the fluorenone derivative 

- 9ONH2 

Benzenesulphonyl chloride and pyridine convert phenanthraquinone monoxime into 2 -cyano- 
diphenyl-2'-oarhoxylic acid ^ ^ ^ ^ ^ 

dlOOH tN 

The imide of diphenio acid has also been prepared by Graebe and Aubin ^ : 

O6H4 ammonium salb O6H4 

. COOH COOH distilled CO-NH-CO 


■i 


A 

heat 


96H4 96H4 

CO— 0— CO 


NH. 


96H4— Q6H4 ‘ 
COOH CONH 2 


Thiele and Holzinger ^ prepared “ homodihydroacridine ” in 60 % yield by heating the. 
hydrochloride of the corresponding diamine : 






The reduction of m-xylylene dicyanide ^ gives only a 5 % yield of the famine, the main 
product (35% yield) being a seven- or an eight-membered meta ring compound : 

vCH.-CHs 


'j-CHa-CN 

s/ 

iHo-CN 


/\-CH,-CHo-NHo 


+ 


6 ho-ch,-nh, 




or 


k 


-CHMe 


./ , 

iHa-CH^-NH 


EIGHT-MBMBEBED BINGS, C^N 

Only two examples of the C7N ring are at present known. Suberone wooxime was prepared 
byWaUacb- .oh, - 

CHa-CHa-CHa macetic CHa-CHa-CHa-NH 

Manasse ® and v. Braim failed to obtain any trace of this lactam by heating the corre- 
sponding acid NHaiCHale’GOOH. 

iWemer and Piguet, .Ben, 1904, 37, 4295. ^ ^ 1888, 247, 263. « 1899, 305, 100. 

307. . 1902,36,1367. - IlM., 1907, 40, 1841. 
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o-Amiiiophenylvaleiic acid (I) also could not be converted into a lactam/ tbongk the bwer 
bomologne (II), as already mentioned, exists only in lactam form (see p. 399 ) : ^ 


(I.) 


COOH* 
(II.) 


Gabriel “assigns a C,N-riiig structure to tte product obtained from a-aminoisobutyrio amd 
and pntnalideacetic acid : ^ 

0=CH-OOOH 


caOo 

(5o 


XHjOMeaOOOH 
>- 




CO-CHo-COOH 

/ 

\ COOH 
CO-NH-CMeg 


c.h/ CO 
XO-NH-CMeg 


. 00 - 


CH-COOH 


/CO— OHg— go 
c,h/ . 

\C0— NH— CMeg 


NINE-MEMBERED RINGS, CgN 

AH attempts to obtain octometbyleneimine Have been unsuccessful. Blaise and Houillon ® 
heated the corresponding diamine hydrochloride, but the product was a 2 -butylpyxrolidine. 
v. Braun * similarly failed to obtain a 9-ring by heating 1 : 8 -di-iodo-octane with nnilirift : 


)Hg-CHg-CHg-CHg-I , ^ 
iHg-CHg-CHg-CHg-I ^ ^ 


9H2*CH2*CH2-CH2-NHPh 

GH2*CH2'CH2*CH2-NHPh 


TEN-MEMBERED RINGS, C 9 N 

A ten-membered ring C^N has been synthesised by v. Braun and his co-workers ® by reduc- 
tion of julolidine methochloride with sodium amalgam : 

OH, OH, 


Y aS' + C1CH2-CH,-CH,-Br 

\//0H2 


/\ 


CHu 


NH 


OHj 

Julolidine. 


CHo 


CH, 


Ha 
X/CHg 

Y<Me 

\/ 

CHg 


NaHg 


+ julolidine 


K 


/ /CHg 
I ^Me 
CHp, CHg 






a, (29%.) 


> Diels and Einhom, Bsr., 1837, 80, 377. rtM., ml 44 76 » rend., 1906, 142, 1641 


* Ber., 1909, 42, 4646. 
26 


5 lUd., 1918, 51, 1225; 1919, 52, 2016. 
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A 10-ring structure lias been assigned by Perkin to two opium alkaloids, cryptopine and 
protopine ^ : 


CO [ i:o>ch2 


CH, 


HMe 


Crypto;pine. 


CO 


CH ^0-/ Y^CH 

(ITT 'ci 


OMe 

OMe 


CHa 
Protopine. 


CH^ 
NMe 


Tte 10-ring also occurs in certain degradation products of tetrahydroberberine (dZ-canadine). 
This was jBrst suggested by Voss and Gadamer ^ to explain tbe formation of an inactive anbydro- 
base by tbe action of AgOH upon tetrabydroberberine alkyl iodides : 






OH 1 

chJ 1 ^ 

CH, 


CH I 

Y"^ch/Y 

XX/NMe CHa 


H 


Since tbe optical activity depends upon tbe ‘CH* marked witb an asterisk, tbis carbon atom 
must be involved in tbe anbydrisation, and to tbis tbe -OH group must wander. 

Compounds of tbis type were obtained by Freund ^ from a-benzyltetrabydroberberine 
metbiodide, and by Pyman ^ from tetkbydroberberine and Z-canadine metb-bydroxides by 
evaporation in vacuo (64:% yield). 


ELEVEN-MEMBERED RINGS, C^oN 


Pbookan and Krafft ® synthesised decametbylenediamine from sebacic acid via tbe diamide 
and dinitrile, and by beating tbe bydrocbloride obtained a product wbicb they considered 
to be decametbyleneimine. Blaise and Houillon® showed, however, that a-bexylpyrrobdine 
and a mixture of other bases were formed, and none of tbe products gave (y-aminocaproic acid, 
NHa'LCHglg-GOOH, by benzoylation, oxidation and hydrolysis (as alleged by Pbookan and 
Krafft). 


1 J. 0. 3., 1916 , 109 , 831 , 875 ; 1919 , 115 , 713 . 
3 Ann., 1913 , 397 , 75 . 

5 Per., 1892 , 25 , 2252 . 


(Bli 


3 Arch. Pharm., 1910 , 248 , 43 . 
* J. C. S., 1913 , 103 , 828 . 

8 Compt. rend., 1906 , 143 , 361 . 
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SUBJECT INDEX 


[“ 4 - ” = condensation with; 


A. 

ACBTAiDBHYDB + aoetoacetio aad cyanacctic esters and ammonia, 
203. 

Acetanilide + acetophenone lor phenylguinoline, 273. 

— > I'lavaniline, 299. 

(iy-methyl-). See Methylaeetanilide. 

Acetan-lhranil— > hydroxyquinaldlne, 394- 

Acetoacetamide + cyanacetio esters for glutaconimideSj 201, 

Aoetoacetio anilides, 266. 

— > oarbostyrils, 268, 270. 

Aoetoacetio esters + aldehyde-ammonias for dihydropyridines, 
227. 

-f ammonium formate for a pyridine, 233. 

-)- cyanaoetamide for glutaoonimides, 201. 

-I- dinitriles for tt-pyrldones, 206. 

— > lutidostyril, 189. 
reaction widi arylamines, 266. 

4 - tetrahydroquinoline for julolines, 389. 
see also Keto-esterB. 

Aoetodlnitrile, see Binitriles. 

Acetone -|- benzalanillne for a y-piperidone, 209. 

■ -)- o-aminobenzophenonefor phenylquinaldine, 286. 

-i- o-nitro-aldehydes for Indigos, 126. 

Acetone anils — »■ indolines, 99. 

Aoetonedloarboxylio ester -V y-plperidones, 209. 

Acetone-ozalio ester -|- jj-anisioine, 266. 

Aoetonines, 224. 

Acetonitrile -j- o-nitrobenzaldehyde for a-amlnoquinoline, 283. 

Aoetonylaoetone phenylhydrazoue — > a pyrrole, 36. 

o-Acetonylbenzoio acid -f- glycine for an fiocarbostyrll, 323. 

Aoetopapaverine ->■ coralyn, 319. 

Acetophenone -|- aoylanilines f or quinolines, 273, 

4- benzylamine, 225. 

Acetophenone oxime -> Havaniline, 800. 

Acetylaoetonamiae + aoylpyruTlc eaters for pyridines, 222. 

-)- benzalaoetylaoetone etc. for dthydropyridines, 229. 

+ malonio ester for a pyridine, 232. 

— > dthydropyridines, 208. 

Acetylaoetone + aminocamphor, 108. 

Aoetyl-/3-aminocrotouio ester — > a dlhydroxypyridine, 237. 

Acetylanthranilic acid — > dihydroxy quinoline, 294, 297. 

Acetylene -> pyridines, 242, 

Acetylcyclohexanones -|- arylamines for tetrahydroaoridines, 372. 

+ arylamines for tetrsmydrophenanthridlnes, 387. 

3-Aoetylindozyl, 118. 

Acetyllsatin — > hydroxyoinchoninic acid, 298. 

a-Aoetylpyrrole -|- oxalic ester for a pyrropyrldine, 234. 

Jf-Aoetyltetrahydrocarbazole —»• an indoxyl, 146. 

Acids, y : S— unsaturated, pyrrolidones, 69. 

Acid amides, see Amides. 

" Acridination," 369, 372, 878, 376, 377. 

Acridine Orange KO, 334, 337. 

Acridine Orange E, 336, 

Acridines from aoyldiphenylamines, 363. 

from o-amlnobenzyl alcohol and phenols, 345. 

from o-amlnodiphenylmethanes, 348. 

from m-aminophenylauramlnes, 362. 

from anthranilio ester, 361. 

from arylamines and aldehydes, 337. 

from arylamines, j3-naphthol and aldehydes, 341. 

from aryl-p-amlnoaldehydes, 36 7. 

from arylaminoanthraquinones, 375, 

from aryl-o-aminohetones, 371. 

from if-arylisatins, 373, 

from benzalanillne, 351. 

from benzal-o-aminophenol, 361. 

frombenzylaniline, 361. 

by Bernthsen’s method, 363, 

as by-products in carbazole synthesis, 381 . 

from JM-dlamines and aldehydes, 333. 

from diaminoditolylamines, 378. 

—4- 2 : 3-dlmeihylqutaoline, 307. . 

from diphenylamines and oxalyl chloride, 373. 
from fluorescein, 346. 

from formanilides and m-diamlnes etc,, 366. 
introductory, 332. 
by the Magenta process, 348. 
by methylation of arylamines, 379. 
by oxidation of mixtures of arylamines, 348. 
from o-nitrobenzyl chloride and benzene, 380, 
from o-nitrodiphenyhnethanes, 349. 
oxidation to quinolines, 306, 
from Jf-phenylanthranil, 350. 


— >• ” = conversion into.] 


Acridines (continued)— ' '''• , _ . - 

from phthalio anhydride- and ?n-diamines,T44. 
from resorcinol, OT-diamineg and aldehydes, 343. 
by Terrisse and Barler’s method, 336. 
from tetra-aminodiphenylmethanes, 336, 336. 
from o-tolylanilines, 378. 

from xylenols, xylidines and methylene dihalides, 343. 
see also Becahydro-, Bihydro- and Tetrahydro-acridines. 

Acridine Yellow, 334, 356. 

“ Acridonation,’’ 366-367, 377. 

Acridones from o-aminobenzophenone, 349. 

from o-amino-o'-hydroxybenzophenones, 343. 
from anthranilio acids and phloroglucinol, 369. 
from arylanthranilic acids, 358. 
from 0-arylanthroxans, 349. 
from iV-phenylanthranil, 350, 
from salioylanilides, 359. 

Acrolein-aniline — ^ quinoline, 307. 

Aoylanilines, reaction with acetophenone, 273. 

Acylanthranils, 27. 

Acyl-fl-arylethylamines dihydrowoquinoUnes, 309. 
Acyldlphenylamines — >■ acridines, 363. 

Aoylpyruvio esters — > diketopyrrolldines, 44. 

Ald^yde-ammonlas —>■ pyridines, 217. 

-I- fl-keto-esters lor dihydropyridines, 227. 

Aldehyde-collidine, 217, 218, 219. 

Aldehydes, reaction wiiii amides, 222. 
o-Aldehydobenzoic acid, reaction with ammonia, 163, 

-t- hlppurio acid for tsocarbostyril, 320, 
reaction with hydroxylamlne, 167. 
o-Aldehydophenylglycine — Indole, 119. 

Aldol bases, 263. 

Algol Brown E, 375. 

Algol OliTe B, 376. 

Algol Bed B, 238. 

Alizarine Irisole, acridination of, 376. 

AEzarine Eubinoles, 288. 

Alkamines, 224. 

Allylanillne — > quinoline, 306. 

Allylwobutyrophenone -4- a pyrrolidone, 69. 

Allylethylamlne — > pyridine, 242. 
y- Amide-acids — imldes, 193. 

Amides' -|- ketones for pyridines, 222. 

a-Amlnoacetals + aldehydes or ketones for fioquinolines, 328. 

y-Amlnoacetals -4- pyrrolidines, 86. 

Aminoaoetone + succinylsucoinlo ester, 107. 
o-Aminoaoetophenonc — o-Plavaniline, 300. 

— > indigos, 136. 

+ dinitriles for quinolines, 291. 
o-Aminoacetophenones (acylated) — ^ oarbostyrils, 297. 
AminoaoetoTeratrone -f- acids for dihydroiioquinolines, 314. 
-Amlno-aoids — > pyrrolidines, 89. 

-Amino-acids -> a-piperldones, 196. 
e-Aonlno-acids — > hexamethylenelmines, 896. 
a-Amlno-aclds (phthalyl-) — >■ iiooarbostyrils, 827. 

8-Amino-alcoholB — > pyrrolidines, 60. 
e- Amino-alcohols — ^ piperidines, 187. 
y- Amino-aldehydes — 4 - pyrroles, 86. 

— 4 - pyrrolidines, 36. 

— ^ pyrrolines, 86. 

6-Amino-amides a-piperidones,186. 
o-Amlnobenzaldehyde -|- aldehydes lor quinolines, 283. 

-H arylacetonitriles for quinolines, 282. 

-1- |8-diketones for quinolines, 284. 

-1- dinitrilee for quinolines, 291. 

-j- cyclohexanone for tetraliydroaoridine, 368. 

-i- 8-keto-esters for quinolines, 284. 

-)- ketones for quinolines, 284. 

-j- malonic acid for quinolines, 284. 

-j- phloroglucinol for acridines, 367. 
o-Aminobenzaldehyde (phenylacetyl-) — > phenylcarbostyril, 297. 
o-Aminohenzanilicle, attempted conTersion into phenanthridone, 386. 
o-Aminohenzanilides (alkylated) — >• phenanthrldones, 386. 
o-Aminohenzophenone -|- acetone for phenylqulnaldine, 284. 

-I- methazonic acid for a S-nitroqulnollne, 286. 
oxidation to acridone, 349. 

o-Amlnobenzoylacetio acid — > dihydroxyquinollne, 277. 
o-Amlnobenzoylalkylanilines — > phenanthrldones, 386. 
o-Amlnobenzoylcyanacetio ester — 2-amlno-4-hydroxyqulnoline, 
283. 

— > cyanodihydroxyquinoline, 278. 
o-Aminohenzoylformio acid, ice Isatio acid. 

«.;o-Aminobenzoyl-j3-naphtiiol methyl ether —>■ phenonaphthacrid- 
one, 346. 
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o-Aminobenzyl alpohol + phenols for acridines, 345. 
o-Aminobenzylaniline + napbthols for pbenonaphtbacridines, 346. 
o-Aminobenzyl cyanide — S-anaino-indole, 130. 
a-Aminoiiobutyric acid + pbtbalide-acetic acid for an S-membered 
ring compound, 401. . 

diketopyrrolidines,82. 

“■Aininocampnor + aoetylaoetone, 108. 
o-Aminooinnamic acids — > oarbostyrils, 273. 

^-Aminocrotonio ester -}- aoetone-oxalio ester for a pyridine, 233 
■f aoylpyruyio esters for pyridines, 221, 

■f aldehydes for dihydropyridines, 227, 

-1- aldehydes + malonio ester for dihydro-a-pyridones, 231. 

+ etboxymethyleneacetoacetic ester for a pyridine, 233. 

-> dihydropyridines, 208. > 

+ malonic ester for a pyridine, 232. 

+ malonio eater for trihydroxyqninaldine, 306. 
attempted condensation with phenanthraouinone, 108. 

+ POOlj for a pyridine, 208. 

— > a-pyridones, 189. 

-> paroles, 76. 

^-Aminoorotonio ester (acetyl-) — ^ 2 ; 4-dihydroxvpYridine, 237. 
p-Amlnocrotonic nitrile, see Dinitriles. 
o-Amlnodiphenylamlnes -> carbazoles, 175. 
o-AininodIphenyl-o'-carboxylio acid phenanthridone, 383. 
o-Aminodlphenylmethanes, oxidation to acridines, 349 
o-Aminodiphenyls -> carbazoles, 176. 
o-Amtaodlphenyls (acylated) — >• phenanthridines, 384. 
/3'Amino-esters, oyolisation of, 26. 

0 : ^-Amlnoethylbenzolo acids — > dihydrowooarbostyrils, 319. 

6- Aminofluorenone -»• phenanthridone, 383 . 

/3- Amino-halides, oyolisation of, 18. 
v- Amino-halides, oyolisation of, 23. 

«-Amlno-halldes — > pyrrolidines, 63. 

-> pyrrolones, 64. 

«-Amino-nalldos — >• piperidines, 185. 
f-Amino-halides -> hexamothyleneimlnca, 396. 

S-Amlnolndolefrom o-amlnobenzyl cyanide, 130. 
a- Aminoketones -> pyrrolones, 70, 77. 

— >■ pyrrolones, 72. 

a- Aminoketones (acylated) — >■ pyrrolones, 82. 
y- Aminoketones — >• pyrroles, 29,34. 

-> pyrrollnes, 34. 

5- Amlnoketones “> tetrahydropyridines, 213. 
e- Aminoketones —> hoxamotbyleneimines, 395. 
o-Amlnoketones -|- cyclohexanones for tetrahydroaoridines, 372. 
p-Aminomandolic acid, benzoylation, 163, 

6- Amlnonaphthastyrll, 180. 
y-Amlnonitrllos— > pyrrolidines, 70. 
o-Amlnophenaoyl halides — >• Indoxyl, 137. 

0"Amlnophonylacetlc acid -|- aromatic aldehydes, 132, 244. 

/3 i p-Amlnophanylethyl chloride, oyolisation, 163. 
o-Amlnophonyl ketones -(- cyanacetio ester for oarbostyrils, 296. 
o-Amlnophenylproplolic acid — >• indole, 147. 

see also o-Nitro-. 

o-Amlnophenylproplolio eater (formyl-) /3-kynurenio acid, 297. 

/3 : o-Aminophcinylproplonitriles— quinolines, 282. 

(S-Aminoproplonlo eater — > y-plperidone, 237. 

/3-Aminopropiophenone + nitromalonlc aldehyde, 84. 
6-Amlnoquluolino, action of glyoxal on, 113, 
o-Aminotrlphenylmethone ploryl chloride etc. f or dihydroaoridines, 
880. 


AnhaloniiJine, 311. 

Anhalonlne, 811. 

AnlUdopyrotartario acid, action of heat on, 197. 

Aniline + butyldiloral hydrate lor 3-ohloroqulnaldine, 254. 

4* glycerol for scatole, 107. 

-I- lactic acid, 99, 263. 

-I- lactic acid for quinaldlne, 258. 

-(- trimethylene chlorobromidefor julolidine, 389. 
ih- Aniline, 21. 

Aniline-, see Phenylamlno-. 

Aniluvitonlc acid, 266, 286. 

p-Anlsldino 4- oxalaoetic ester for a carbostyrll, 266. 

4- acetone-oxalic ester, 206. 

Anthraoarbazoles, 166, 176, 178. 

Anthracrldines, 889, 870, 876, 377. 

Anihracridones, 847, 864-7, 376, 377. 

Aathranll(N-phonyl-) -> acridine, 360. 

— > aorldone, 350. 

Anthronillo acid + benzoquinone for an acridone, 369. 

4- chloroaoetono for 2-aoetylindoxyi, 118. 

4- formaldehyde, 116. 

+ cyclohexanone for tetrahydroacridone, 369. 

4- phenaoyl bromide for Indoxyloiunamio acid, 118. 

4- phlorogluolnol for acridones, 369. 

Anthranillc ester 4- acetic ester for dlhydroxyquinoline, 277. 
4- magnesium phenyl bromide for 6-phenylacridine,'361. 


Anthrapyridines, 391. 

Anthraqninolines, 248, 255. 

Anthraqulnoneearbazoles, 166, 176 178 
.y-Mttraqrtoonylisatins--> authracridones, 376. 
Anthroxanaldehyde — > isatin, 136. 

Anthroxanio acid — isatin, 134. 

Anihroxaas (U-aryl-) — > acridones, 349. 

Areoaidine, 237. 

ArecoUne, 237. 

Arylamines 4- acetoaoetio ester, 266. 

4- aldehydes lor quinolines, 251 . 

4- aldehydes 4- ketones for quinolines, 262. 

4- /3-diketones, 267, 

4- glycerol for quinolines, 246 . 

4- ketones for quinolhies, 263. 

-f /3-keto-esters,266. 

-|- pjem-vio acid 4- aldehydes for oinchoninic adds, 256. 

]™ohtoM 272^'^’^°^’^°““'^® tetrahydroquinolines and 
4- unsaturated ketones for quinolines, 266. 

^ylamlnes (p-substituted) 4- aldehydes for acridines, 337. 
Axyl-o-amiao-acids acridones, 368. 

Aryl-o-amlno-aldehydes — > acridines, 367. 
Aryl-a-aminoanthraquinones, acridination of, 376 
Axylaminoanthraqmnones (o-oyano-), acridonation of, 377. 
^-A^lamlnocrotonic esters — > hydroxyquinaldines, 267. 
Aryl-o-amlnoketones — acridines, 371. 

Arylanthranilic acids, preparation of, 369-361. 

— > acridones, 359. 

Arylazimlnobenzenes — 5>- acridines, 381. 

— >• carbazoles, 174. 

^-Arylethylamines, preparation of, 312. 

4- acids for dihydroisoquinolines, 309. 

4- aldehydes for tetrahydroisoquinolines, 315. 

^-A^lethylamines (o-carboxy-) dihydroMocarbostyrils, 319. 
Axylglyomes, preparation of , 110, 112 . 

Indigos etc., 109. 

Arylglydne-o-oarboxylic acids, preparation of, 114. 

— > indigos etc., 114. 

Ar-Aryllsatins — > acridines, 373. 

Atophans, 259. 

Atroxindole (3-methyloxindole), 131. 

Anramlnes 4- diamines for Bheonines, 832. 

Anramines (m-aminophenyl-) Eheonlnes, 332. 

Aziminobenzenes (aryl-j carbazoles, 174. 

Azomethines, see Schiffl’s bases. 


B. 

BenzaIiAOETONE 4- benzalaniline for a y-piperidone, 209. 
Benzalacetone oxime, reduction and conversion into a hexamethyiene- 
Imine, 394. 

— >■ isoquiuolines, 315. 

Benzalaoetophenones 4- oyanacetamide for a-pyridones, 215. 
Benzal-a-aminoacetal — ^ (soquinoline, 328. 

Benzal-o-aminophenol — >• acridine, 351. 

Benzalanillnes 4- acetone for a y-piperidone, 209. 

— >• acridine, 361. 

-h benzalacetone for a y-piperidone, 209. 

4- ketones for y-piperidones, 209. 

4 - benzalacetone for a y-piperidone, 209. 
phenanthridines, 386. 

Benzaldehyde 4- cyanacetio or acetoaoetio esters and ammonia, 202. 
Benzaldiacetonkmine, 210, 

Benzalethylamine — isoqumoline, 331. 

Benzalmesity] oxide — ^ benzaldiacetonamine, 210. 
Benzalnaphthylamlnes Ohrysidines, 352. 
Benzal-o-nitroacetophenone, action of light on, 136 . 
iSoBenzalphthalimidine, 322. 

Benzal-o-toluldine — > 2-phenylindole, 148. 

Benzamarone 4- hydroxylamine,213. 

Benzanilide 4- acetophenone for diphenylqninoline, 273. 

—> phenanthridone, 386. 

Benzidine —>■ ftislndigo, 112. 

Benzodimethyleneimines, 21. 

Benzoflavine, 834. 

Benzoin 4- arylamines, 106. 

Benzoin oxime 2-phenylindoxyl, 142. 

Benzophenones (o-amino-o'-hydroxy-) acridones, 343. 
Benzoiispyrrolone, 133. 

Benzoquinone 4- anthranilio acid for an acridone, 359. 

Benzotriazoles (aryl-) carbazoles, 174. 

Benzoylacetio ester 4- aniline for quinolines, 267. 
Benzoylacetonamine + acylpymvic esters for pyridines, 222. 

— dihydropyridines, 208. 

Benzoyl-a-aminoacetal -> isocarbostyril, 328. 
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Benzoyl-^S-aryletbylamines, 309. 

Benzoyl cyanide, trimeride of, S3. 

Benzoyldehydracetic acid — > dihydroxypyridines, 189. 

2-Benzoyl-3-plieiiylindole,106. , 

4-Benzoyl-5-plieiiyloxadlazole — >• benzoylphenylindole, 106. 
JV^-Benzoyltetrahydrocarbazole — > a quinoluie, 302. 
Benzylaminoacetaldebyde — >• toquinoline, 380. 
Benzoyl-yS-aminopropionacetal a pyreoline, 86. 
Benzylaminoacetaldehyde — >■ woqninoline, 330. 
Benzylanlline — >■ acridine, 351. 

Benzyl cyanides + o-aminobenzaldeh.yde for quinolines, 282. 
o-Benzyleneimines, 26. 

Benzyfldene, see Benzal. 

Benzylphtbalimide, action of NaOMe on, 327. 

Bernthsen’s acridine synthesis, 363. 

Beyer’s qulnollaesyntlies’s,’262. 

Bromal + chloral -f KON, 86. 

Bromoacetanllide — > indigo, 109. 
e-Bromoamyl benzoate + secondary amines, 188. 
JV-Bromobutylamlnes — > pyrrolidines, 68. 
/3-Bromoethyl-methylaniline methylindoline, 108. 
fi-Bromoketones — > tetrahydropyridines, 214. 


OAMPHOBIMIDB, 193, 235, 336. 

Oamps’ quinoline synthesis, 297. 

Oarbazaoridines, 364. 

Oarbazlnes, see Dihydroaoridines. 

Oarbazolesfrom o-aminodiphenylamines, 174. 
from o-amlnodlphenyls, 176. 
from arylazimlnobenzenes, 174. 

— carbazacridines, 364. 
from 2 ; S'-diaminodiphenyls, 177 
2 : 3-diethyliadole, 144. 
from dihydroxydlphenyl, 179. 
from diphenylamtues, 165. 
from diphenylhydroxylamine, 167. 
introductory, 164. ^ 

pyrogenous^ethods for, 165. 
from tetrahydrocarbazoles, 170. 
from thiodiphenylamines, 166. 
see also Tetrahydrocarbazoles. 

Oarbostyrilsfrom aoetoaoetic anilides, 268, 270. 
from acyl-o-aminoacetophenones, 296. 
from aoyl-fl-amtnoaryl ketones and cyanoacetic ester, 296. 
from p-a^sldine and oxaloacetic ester, 265. 
by Oamps’ method, 207. 

-> indole, 145. 

fromlsatin and malonic acid, 268. 
by Knorr’s method, 368, 270. 
from fl-keto-esters and arylamlnes, 268, 270. 
from methylaoetanllide and oxalic, ester, 265. 

. from o-nitrocinnamic acids, 273. 
see also Dihydrocarbostyrils, Dihydroxyquinolines. 
IsoOarbost^la, attempted synthesis by Hofmann reaction, 318. 
from benzoylaminoaoetal, 330. 
from o-oarboxybenzyl ketones, 323, 323. 
from tTCOoumarins, 822. 
from fjoooumaric esters, 323. 
from o-cyanobenzyl cyanide, 322. 
from o-oyanobenzyl ketones, 326. 
from o-oyanocinnamamide, 321. 

from hlppurio acid and o-aldehydobenzoic acids, 320. 
from jS-naphthaqulnone, 323. 
from phthalyl-a-amino-aclds, 827. 
from phthalylglycine ester, 327. , 

from “ seven-membered ” ring-compounds, 324. 
o-Oarboxybenzyl ketones — > twoarbo^yrils, 322, 823. 
o-Oarboxy-|8-phenylethylamines -> dlhydrotOToarbostyrils, 319, 
Ohelidonic acid -> y-pyridones, 190. 

Ohloral hydrate — isatins, 103. » 

reaction with KON, 85. 

Ohloranll-> y-pyridones, 186. 

Ohloroacetal -f aniline, 106. 

Ohloroaoetaldehyde -f aniline, 105. . no 

Ohloroaoetone + anthranilio acid for 2-acetyimdoxyl, 118. 

-j- / 3 -keto-esters -t- amines for pyrroles, 37. 
Ohloroacetylarylamlnes — indigos, 109. 

— > oxindoles, 108. 

3-ahloro-amides ^ piperidones, 186. 
tffioanthraqi^one pyrrolanthrones, 181. 
o-Ohlorobenzaldehyde ->• acridines, 368. 

4- arylai»ines, 368. , 

/ 3 -Ghlorodiethyl ketone + arylamines for qumolmes, 266 . 


3-Ohloro-l : 2-diketocyclopentane — > 3-ohloropyridine, 186. 
Chlorodiphenacyls — > pyrroles and pyrrolones, 79. 

2 - OhIoroc 2 /cZohexanone -f arylamines for tetrahydrocarbazoles, 167. 
a-Chloroketones — >• indoles, 104. 

Ohloromethyl ether -f a-arylethylamines for tetrahydroisoquinolines, 
317. 

/ 5 -o-Ohlorophenylpropionic acids dihydrocarbostyrils, 279. 

3- CMoropyridine from chlorodiketocyciopentane, 185. 

S-Ohlorovalerolactone —>■ a-piperidones, 186. 

Chrysaniline, 348. 

Ohrysenequlnone — >• naphthanthraoridines, 383. 

Ohrysidines, 352, 379. 

Oinchoninic acids by DObner’s method, 266. 
from isatins, 286. 

from methylacetanilide + oxalic ester, 266. 
from pyrn^o acids + arylamines -f aldehydes, 256. 
Olnchomeronic anhydride + benzene for an anthrapyridine, 891. 
Oinnamaldoxime — » woquinoline, 318. 

Oinnamamides + malonic ester, 198. 
glutarimides, 198. 

Oitracoumalio acid — ^ a-pyridones, 191. 

Oitrazlnic acid, 193. 

Oolumbamine (tetrahydro-), 311, 315, 

Comenamlo acid, 188. 

— >• oxalimide, 19. 

Oonhydrinone -> a pyrrolidine, 86. 
y-Ooniceine, 214. 

Coralynfrom acetopapaverine, 319. 

Ootarnine, 311. 

Ooumalic acid — a-pyridones, 189. 

MoOoumarins — >- fsocorbostyrils, 322. 

-f hydrazines or hydroxylamine, 324, 

Oryptopyrrole, 73 . 

Oumidine — >• indole, 148. 

Oyanacetamide -f aoetoaoetic esters for glutaoonimides, 201, 

-I- benzalacetophenones for a-pyrldones, 216. 

4- ethoxymotbylene-acetoacetic esters for a-pyridones, 216. 
hydroxymethylenecyt'lohexanones lor B«-tetrahydroquino- 
lines, 302. 

— > iminopiperidones, 190. 

+ ketones lor glutarimiuolmides and glutarimides, 203. 
Oyanacetio ester -)- aoetoacetio esters -f amines lor glutaoonimides, 
202 . 

-1- o-aminophenyl ketones for carbostyrils, 296. 

-i- /S-diketones amines lor a-pyridones, 283. 

-1- diacetonamines, 226. 

+ dimethylacrylic ester, 198. 

-t- fl-keto-esters for glutaoonimides, 200. 

+ ketones -)- amines lor glutarimides, 201. 
self-condensation lor imlnoglutarimides and trihydroxypyridines, 
199. 

Oyanacetyl chloride — >■ a dihydroxypyridine, 226. 
y-Oyano-acids — imides, 193. 

Oyano-arylaminoanthraquinones, acridonation of, 877, 
o-Oyanobenzaldoxlme — >■ phthalimide, 163. 
o-Cyanobenzylamines — >■ phthalimidines, 162. 
o-Oyanobenzylanlline —>• phthalanil, 166. 
o-Oyanobenzyl cyanide — isooarbostyrils, 322, 326. 

— > homophthalimide, 320. 
o-Oyanobenzyl ketones —>■ fsocarbostyrils, 326. 
o-OyanocinnomamIde — ^ wocarbostyril, 321, 
v-Oyano-esters from cyanoacetic ester, 198. 

— imides, 198, 199. 

Oyanoformaroidines — > isatins, 102. 
o-Oyanophenylglycine — > indoxyl, 119. 

Oy&olidines, 246. 


T>i 

DBOAHYDROAOWDIKBS from dlhydroresorcinols, 847. 
DeoahydroJioqninoline, 321. 

Decamethyleneimine, 402. 

Dehydracetic acid, action of ammonia on, 188, 190, 212. 
lutidbne, 188, 190, 212. 

Dehydxothiotoluidine, attempted conversion into an atophan, 259. 
Diacetonamines -1- aldehydes, 223. 
cyanacetic ester, 226. 

-j- ketones, 223. 

— >■ a pyrrolldone, 70. 

— > atrimethyleneimlne, 23. 
jS : /8-Dialkylglutanc acids, 203. 
y-Diamides —>■ pyxidines, 186. 

^•Diamines, oyclisation of, 17. 
y-Dlamines,cycllsation of, 22. 
fi-Diamines — > pyrrolidines, 62, 
e-Diamines piperidines, 184. 
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t'Dlamines — > hexamethylenetolnes, 894. 
m'Diamlnes + aldehydes for acridines, 888. 

+ fomJo acid for acridines, 856. 

+ inethylenedi-(3-naphtholBfor acridines, 841. 

+ phthallo anhydride for acridines, 344. 

1 ; S-Dlamlnonaphthalene + mesoxalic ester, 140. 

3 ; 3'»DiaadnodiphenyIs -->• carhazoles, 177. 

2 ; S'-Dlaminostilbene -> indole, 122 . 

Dlaryldlketopiperazines indigos, 109, 111. 
g; | 8 -Dlbenzoyldleihylmetliylamine a hexamethyleneimlne, 398. 
Dibeniioyhnetliane —> indoles, IOC. 

Dibenisoylstyrene, notion of amines on, 69. 

Dibromomalelc anhydride — > indigo, 112. 
v-Dibromodlpropylamlno — >• oynnohesamethyleneimlne, 808. 

7 : 7'.Dibromoindigo, 100, 117. 
y-Dlcarboxylic adds -> Imides, 192. 
j^Dlcyanides — > imides, 103, 

DioyanoglutariraldeB by Guareschi’s method, 202. 

Dlchloronoetlo acid ■— > iaatins, 140. 

Dichioroacetyl chloride, attempted conversion into oxindoles, 102. 

0 : o'-DIchlorobenzophenones —> aciddones, 847. 

8 : ‘V'Dichlorobutano + p-toluidlne for trimethylacridine, 838. 
Dltmloroethyl ether as a snhstltute for ehloroalde' 


iebyde, 208. 
‘ ollr 


rthyi at 

Dlohlorohydrin + fonnanillde for totraliydroquinollne, 272. 
Dlchloromethylamino + malonlo ester for a pyridine, 232. 
DiethylanlUne indole, 147. 

Dlethyl-o-toluldlne -> indole, 147. 
i-DIhalldes pyrrolMints, 65, 66. 
i-Dlhalides — >• piperidines, 188. 

6 Dlhalldes, action of amines on, 895. 
tbytbroacrldlnesfrom o-amlnotrlphenylmothanos and picryl chloride 
etc., 880. 

from o-altrodiphenylmethanos, 848. 
from resorcinol + aldehydes + amines, 843. 

Dlbydrocturbostyrlls from o-chlorophenylpropionlo adds, 278. 
from o-hydraainophenylpropionlc add, 270. 
from hydrfndono oximes, 808. 
from o-nltrobonaylmnlonlo ester, 270. 
from o-nltrophenylproplonlo adds, 276. 

Dihydmfiooarbostyrils from o-carboxy-/3-phenyIethylamlnes, 819. 
Dlhydrohomoaerldlne, 400. 

Dttiydrdndoles, wr Indollnea. 

Miydro-pom-lndole, 108. 

Dlhydroiidndoles from anfro-compounds, 160. 
from o-xylylenedhraime, 149. 
from o-xylylene dibromldo, 160, 

Dibydropyriulnes from acetylaoetonamlne, 208, 
from fl*nmlntKTOtonlc ester, 208, 
from henaoylncetonamine, 208. 
from J^dlkotonea + nldohydoa + ammonia, 229. 
from S'dikotoiira, 210. 
from glntwdmlno ethora, 184, 
from p-koto-esters aldehyde-junmonlas, 227. 
Dlhydro-a-pyridones from /3-amlnocrotonio ester etc., 281, 
Dlhydropyrroles, tee I'yrrollnos, 

DUiydrcKiulnnUlino from Eckstein's base, 262. 

Dlhydroqulnollnea from Indoles, 808. 

Dliiyrlrofmqulnollncs from aeyl-p-phonylcthylaminos, 809. 
DihydrofwqulnoUnes from saturated oximes, 817. 

Dlhydroresordnol + alddiydes + ammonia lor decahydroocridines, 
847. 

2 : 4-Dlhyilroxy-3-oyano-6-chloropyrldino from cyanoacetyl chloride, 
226. 

2 ! S'.Dlhydroxydlphenyl totranitrocarhazole, 179. 
Dlhydrotoliiiioles from phthalazlncs, 102. 

2 : (f-Dibydroxypyridlncs, m Olutaconlmides. 

Dlhydroxytiuindollne, 276, 

3 ; i»DitiydroxyquInollnes from acetyl anthranllic add, 294, 298. 
from aattiranllic eater and ac!ctlc ester, 277, 
from homoonthroxaiile add, 277. 
from isatbis + dtoomethane, 806. 
iswtln, 146. 

1 : 3.Dihydroxyf«niulnoHne, mc Ilomophthallmlde. 

S:2'.Dl4ndyl, 120.^ 

+ aldehydes + ammonia for dUiydropyrldines, 229. 

4. arykmlnoH for quinolines, 267, 269. 

+ eynnacetlo ester and arahies ior a-pyrldonos, 23a. 
•ylliketones, action of ammonia, amines etc. on, 28. 
rwluctlon of hydrazones, 84. , 

behaviour In Strecker’s amluo-add synthesis, 34. 

8.Dlkato«e», action of ammonia and aminos on, 210. 

-Hs- dlhydropyridUws, 210. 

•~j-pyrldint8,211, 212. 

*->• hydroxyloroine for pyridines, 213. 

3 : 4.Diketopipe«idlnea from kotens, 226. 

3 : 6-llikotoplperidlnes, *ee Glutarimidcfs, 


Diketopyrrolidines from acyl-a-aminojsobntyrylmalonio esters, 83. 
from y-hydro:^-amides, 60. 

from oxalacetic ester + arylamines + alddiydes, 44, 264. 
from phenyliminodiacetic ester, 84. 
from pyruvic acids + aldehydes + arylamines, 43, 268. 
Diketopyrrolines from phenylpropiolic ester, 81. 

6 : 7-Dimethoxy-2-phenyl-l : 3 : 4-teiketoisequinoline, 326. 

B: ^-Dimethylacryiic acid— > trimethylpyridlne, 226. 
Dlmethylenimines from amlnoethyl halides, 18. 
benzo derivatives, 21. 
from comenamic acid, 19. 
by Grignard reaction, 20. 
introductory, 18. 
from tetrabromoethane, 19, 20. 
from trichloroethylene, 19, 20. 
from triazoles, 20. 

Dimethyldihydropyrrindole, 107. 

1 : C-Dlmethyltetrahydropyridine + formaldehyde, 187. 
Dimethyl-e-toluidine — >■ indoles, 147. 

Dlnaphthaoridines, 389-341, 363, 373. 

Dlnaphthocarbazoles, 167, 171, 172, 177-9. 

Dl-j3-naphthol — > dinaphthocarbazole, 179. 

Dindole,121,130. 

Dlnltxiles + acetoacetic ester, 206. 

4 aldehydes, 207. 

4 o-aminoacetophenone for quinolines, 291. 

4 o-amlnobenzaldehyde for quinolines, 291. 

4 dichloroethyl ether, 208. 

4 Grignard reagents, 206. 

4 isatic add for quinolines, 291. 

4 isatin for pyridines, 208, 288, 291^ 
pyridines, 205. ' 

— > pyrrolones, 77. 
self-condensation of, 206. 

4 unsaturated ketones, 207. 

2 ; 2'-Dinitrobenzil — > dindole, 130. 

2 : 6-Dinitroelilorobenzene 4 o-amlnotriarylmethanes for diliydro- 
acridlnes, 380. 

2 : 2''-Dinitroclibenzylmalonic ester —4 a quindoline, 276. 

— >- a xpira-6iscarbostyril, 276. 

2 : 2'-Dinltro-a : /3-dlphenjiacetic acid — > .qulndolfl^ fS3. 

2 : 2'-Dinitrodiphenylaeetylene -4- dindole, 121. 

2 : C'-Dinitrodiphenyldiacetylene — ^ indigo, 124. 

2 ; 6'’-Dinitrodiphenyl-2' r 6-dicarboxylio acid — aminophenanthri- 
donecorboxyllc ester, 384. 

— > di-lactam, 884. 

2 : 2'-Dinitrotolane —4 2-o-nitrophenylisatogen, 126. 

Dioxlndoles from mesoxalio ester, 189. 
from o-nitromandellc acids, 133. 

Di-[phenaoylomethyl]-methylamiae — >• a hexamethyleneimine, 398. 
Diphenic acid ■— >- imlde, 399. 

— phenantlmidone, 888. 

Dlphenylamlnes 4 acids for acridines, 863. 
dehydrogenation to oarbazoles, 166. 

4 epichlorohydrin for a tetrahydroquinollne, 272. 

4 oxalyl chloride lor acridines, 878- 
Diphenyl-o-carboxylic acid -4 phenanthridine, 383. ■ 
Diphenyldlamlnoethane -4 indole, 106. 

Diplienyldiaminosucclnlo acid -4 indigo, 112. 
Dlphenyldiketoilperazine -4 indigo, 109, 111. 
DlphenyUiydroxylamlne —4 carbazole, 167. 

Diphenylthlooxamide -4 isatin, 101. » 

Di-o-tofylamine -4 1-methylacridine, 378. 

DObner and v. Miller’s quinaldlne synthesis, 261. 

Dbbner 8 cinchonlnic acid synthesis, 266. 

diketopyrrolidines as by-products in, 43, 268. 


B, 

EOKSIEIN’S base — »■ dihydroquinaldine, 262. 

Eight-membered rings, 400. 

Eleven-membered rings, 402. 

Epichlorohydrin 4 diphenylamine for a tetrahydroquinoline, 272. 
Bthoxymethylene-acetoacetic esters 4 cyanacetamide for a-pyri- 
dones, 216. 

Ethylacetanilide —4 indole, 147. 

-4 quinnldine, 301. 

Bthylaniline — >- indole, 147. 

Bthylenedionthranilie acid -4 indigo, 118. 

Ethylenediphenyldinmine -4 indoles, 106, 111. 

Bthylindolefrom aniline and lactic acid, 99. 
c.-Bucaine, 224. 

8 -Eucaine, 224. 

BuchroniC acids, 154, 167. 

Euphthalmine, 224. 
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]?. 

S’rsOHEB indole synthesis, 92. 
mechanism of, 94. 
quinolines as hy-prodnets in, 804. 

* application to tetrahydrooarbazoles, 168. 

Plavanilme, 299. 
o-MaTanllines, 297, 300. 

Plareosin, 344. 

J'lavindin, 288. 

Havoline, 300. 

I'luorenone — >■ phenanthridine, 388. 

I’luorenone-5-cartoosylic acid — > phenanthxidone, 383. 
Huorenbne oxime — > phenanthridone, 385. 

Muorescein + ammonia for an acridine, 346. 

Pormamlde, use of instead of ammonia, 166, 194. 

Pormanilide — tetrahydroquinolines, 272. , 

+ acetophenone for 2-phenylquinoline, 273. 

4 - chlorobromlde lor julolidine, 389. 

Formate (ammonium) + aoetoacetic ester for a pyridine, 233. 
Formic acid + m-dia^nes lor acridines, 366. 
Formyl-o-aminophenylpropiolio ester /3-kynurenio acid, 297. 
Formylaiylamines m-diamines etc. for acridines, 366. 
Formylphenylaoetio ester arylamines for quinolines, 267, 269. 
Fonr-membered ring compounds, 22. 

Friedltoder’s quinoline synthesis, 283. 

Fumarlc acid —>• indigo, 112. 

Faraae by-products in Hantzsch’s pyrrole synthesis, 88. 

Furfural + arylamines for pyridinium salts, 184. 


G. 

Gamma-acid —>■ a carbazole, 171. 

Glucose indigo, 116. , 

G-lutaconimidesfromoyanaoetio ester -t- aoetoacetic esters amines, 
201, 202. . ^ 
from oyanacetlo ester -f /3-keto-esters, 201, 202. 
from y-dioyanides, 193. 
from glutaoonio acids, 192. 
by Quaresehi's method, 201. 

Glutaoonio acids — > imldes, 192. 

Qlutarlc acids imides, 192. 

Glutariminoimldes from cyanaoetamlde -t- ketones, 203. 

Glutarimides — > alioydicimides, 81. 
from cyanaoetamlde -j- ketones, 203. 
from cyanacetio ester -j- unsaturated esters, 198. 
from Y-nyano-aolds, 198. 
from y-dicyanides, 1-93. 
from glutamic acids, 192. 
from glutaric acids, 192. 
by Guareschl’s method, 202. 
from malonio ester -b oinnamlo amide, 198. 
by Thorpe’s method, 203. 

Glutarimides (imino-) from cyanacetio eaters, 203. 

Glutaronitrile — > a trimethyleneimlne, 26. 

Glutazine, 198. 

Glutimide, 40. 

Glycerol + aniline for scatole, 107. 

— >• pyxidines, 220^ 

Glyoxal -f- o-toluidine for quinoline, 300. 

Glyoxyllo acid p-toluidine, 141. 

Guareschi’s pyridine syntheses, 201, 202. 

Gyrolone, 320. 

H. 

HOTiorynROLKS, 72. 

Eantzsch’s pyridine synthesis, 221. 

Hantzsch's pyrrole syntherfs, 37. 

extension to oxalacetic ester, 197. 

Heptamethyleneimines, 400. 

Heumann’s indigo syntheses, 109, 114. 

Hexametbyleneimines f rom e-amino-acids, 396. 
from «-amino-halides, 395. 
from e-aminoketonea, 396, 
from diamines,- 394. 
f rom y-dibromodipropylamine, 398. 
from dlrCpbenaoylomethyll-methylamine, 398. 
from oximes of cyclohexanones, 397. 
benzo- and dibeuzo-derlvatives, 398. 

cycloHexanones + o-aminobenzaldehyde for tetrahydroacrldine, 386; 
+ o-aminoketones for tetrahydroacridines, 372. 

4. anthranilio acid for tetrahydroacridone, 359. 

-t- cyanacetamide for ^a-tetrahydroquinolines, 302, 

-f-lsatin for tetrahydroacridines, 372. • 

— >• tetrahydroisatins, 142. 


Hinsberg’s oxindole synthesis, 112. 

Eippuric acid -b aldehydes, 17. 

-b o-aldehydobenzoic acids for t'mcarbostyrils, 320. 

+ FOl, for dichloroisoquinoline, 331. 

— >• -ibree-membered ring-compounds, 17. 

Hofmann reaction, attempted application to imquinoline synthesis, 
318. 

Homoanthroxanic acid dihydroxyquinoline, 276. 
Homodihydroacrldlne, 400. 

Homobydrocarbostyril, 899. 

Horaomyristicylamine — b- dlhydroisoqulaolines, 314. 

Homophthalio acid, 324. 

— b- bomophthalimides, 826. 

Homophthalimldes from o-cyanobenzyl cyanide, 320. 
from homophthalio acid, 325. 
from phthalonio acids, 326. 

Homopiperonylamine + acids for dihydroimquinolines, 319. 

-b aldehydes for tetrahydroisoquinolines, 316, 316, 
Homoquinoline derivatives, 398, 399, 

Homotetrahydroqulnoline, 398. 

Homoveratrylamine -b acids for dihydroisoquinoltnes, 313. 
Homoxylylenediamlne —> tetrahydroisoquinoline, 821. 
Homoxylylene dibromide — b- tetrahydrowquinolines, 821. 
Hydantoins (1-aryl-) — b- indigo, 112. 

Hydrastinme, 311. 

Hydrazines — -b- oxidoles, 93, ■ 

a : o-Hydrazinophenylpropionlo acid iV-aminodihydrooarbostyril, 
276.. 

Eydrazones (aryl-) —>• indoles, 92. 

Hydrindone oximes — b- dihydrocarbostyrils, 303. 
Hydrocyanoarbodiphenylirmdes — b- Isatins, 102. 

Hydrocyanic acid — b- pyridine, 242. 

trihydrochloride, see Diohloromethylamine, 

Hydrohydrastiaine, 316, 329. 
y-Hydroxy-amldes — b- diketopyrrolidines, 60. 
p-Hydroxybenzoyl-o-benzoio acid -b aniline, 163. 

4- Hydroxycinnoline-3-carboxylio acid — b- Indole, 147. 
Hydroxycomenamio acid, 188. 

Hydroxycomenic acid — b- y-pyridones, 188. 
i7-Hydroxy-2-oyanoindolme-2-carboxyiainlde, 123 . 

0- Hydroxydiphenylamines — b- oarbazoles, 167. 
^-Hydroxyethylaniline — b- Indigo, 111*. 

B-Hydroxyethylanthranilic acid — > indigo, 118. 
a-Hydroxyglu-fcaramide — b- amlnotetrachloropyridine, 186. 
j^droxylamine-ohloral method for isatins, 103. 
Hydroxymethylenedesoxyhenzoin -b phenylhydroxylamine, 81. 
HydroxymethylenecycZohexanones + cyanacetamide for H*-tetra- 

hydroquinolines, 302. 

/ 3 -Hydroxynaphthoio acid -rb- dinaphthacrldone, 368. 

— b- phenonaphthacridone, 363. 

— b* tetra- and deoa-hydrowquinolines, 321. 

Hydroxyproline, 66, 67. 

Hydroxypyromecazonic acid, 216. 

2-Hydroxyqulnoline, see Oarbostyrll. 

1- Hydroxyisoquinoline, see isoOarbostyril. 

Hygrlo acid, 66. 

I. 

IMIDBS of alioyclic acids, 61. 

glutaric acids, see Glutarimides. 
maleic acids, 49. 
succinic acids, 47. 

Imide-chlorideB (aromatic) — b- quinolines, 271. 

Iminazolopyridine derivative, 236. 

^-Imlnodlpropionacetal — b- a tetrahydropyridine, 237. 

5- Iminodlpropionic ester — b* y-piperidone, 237. 

Iminoglutarimides from cyanacetio esters, 203, 

Iminopiperidones from cyanacetamide, 203. 

Indigo from JV-acetonylanfhranilic acid, 118. 

from o-amlnoacetophenones, ISC. 

from aniline and dibromomaleio anhydride, 112. 

from aniline -b diohlorovinyl ether. 111. 

from anthranilio acids, 114, 

from arylglyoines, 109. 

from aryifiydantolnB, 112. 

from o-oarboxyarylglycines, li4. 

from ohloro- and bromo-aoetanilides, 109. 

from, diaryldiketopiperazines, 109, 111. 

from 0 : o'-dinitrodipbenylacetylene, 124. 

from diphenyldlaminosnocinic acid, ll2, 

from ethylenedianthranillc acid, 118. 

from ethylenediphenyldlamine, 106, 111. 

first synthesis of, 136. 

from lumaric acid, 112. 

Heumann’s syntheses, 109, 114. 
from /S-hydroxyethylanlUne, 111. 


suBJJiCT INDEX 


—>• indoles, 89. 
introductory, 89. 

— > Isatins, 89. 

from maleic acid, 112. 

from iV^-methylanthranilic acid, 118. 

irom o-nitroacetophenones, 136 

fmm f‘“?**°J’®>^*'“Weliydes and acetone, 126. 

from o-nltrobenzoylacetic acid, 136 ' 

from o-nitrooinnamio acid, 187 

from o-nitromandelic nitrile, ik. 

from o-ntoophenacyl halides, 137. 

®'“to'ophenyIosyaorylio acid, 137. 
from o-nitrophenylproplolic acid, 123 
over-reduction” of, 288 
from oxal-o-toluidide, 120.' 
from quinoline, 145. 

Sandmeyer’s syntheses, 102, 103. 

Indoles from acyl-o-toluidines, 119, 
from o-aldehydophenylglyoine, 119. 
from ammobenzyl cyanide, 130. 
from o-a^nophenylprdpiolic acid, 147, 
from aniline -j- glycerol, 107. 
from benzal-o-toluidine, 148. 
from benzoin -f arylaminos, 106 
from carbostyril, 145. 

-b aniline, 106, 106. 
from iTs!® 106. 

from 2 : 2'-diamlnostilbeno, 122 
from dibenzoylmethane, loo. 
from diethylanillne, 147. 
from diothyl-o-toluldine, 147. 

— dlhydroqulnolines, 303. ’ 
from dimethyl-o-toluidine, 147. 
from ethylaoetanlllde, 147. 
from ethylanillne, 147. 

Fischer’s srathesis, 93, 

from indigo, 89. 

• — >• indigos, 89. 
introductory, 89. 
from mothyletliylaniline, 147. 
from methyl-o-toluidine, 147, 
from o-nltroarylpyruvic adds, 129. 
from o-nitrobenzyl hetones, 128. 

.from o-niteobenzylmalonio esters, 127. 
from o-nitro-«-chlorostyi’eno, 121. 
from o-nltroclnnamlc acid, 122 
from o-nitroclnuamio amide, 121. 
from o-nitrophenylacetaldehydo, 129. 
from phenaoyl halides -t* arylamines, 104. 

Pj^®^y,^“',™l?o<l^l'Q“zoylmothane, 106. 
from phenylglycina-o-carboiylio acid. 114 
pyrogenous methods, 147 
from pyrroles, 143. 
from quinolines, 146. 
from tetrahydrocarbazoles, 144, 
from totrahydroquinolinos, 146. 
from tripyrrole, 144. 
wolndoles, introductory, 149 
from phtlialazlnos, 162. 
from o-xjdylenediamlne, 149. 
parolndole derivatives, 163, 

Indollnes from acetone anils, 09 

^om ^-bromoethylmethylaniline, 108, 

Hlnsberg’s metliod, 112. 

- iPalonic ester for lilolidines, 387. 
from emitrobenzaldehyde -f methylene dicvanide lea 
from oxindolesulphurous esters, 113. y'‘“<ie, 1-3. 

from wopropyl-o-aminobenzyl alcohol, 120 
from tetrahydroquinollno, 146. 

• T i’ *f^“®ttfyieno chlorobromlde for lilolidines 8fis 
twlndolines, see DihydroMndolo. ^88. 

tiSo^^dolinoiie ^iV-mGtliyl-) — ^ W(?QuiiioIiiiG 
Moindolones, see Phthalimidines. ’ 

Indoquinolines, 286. 

Indo^ls from .acetyltetrahydrocarbazolc, 145 
from o-aminoacetophenones, 137 
from arylglydnes, 109. 
from benzoin oxime, 142, 
from o;cyanophenylglycine, II9, 
from etliylenediphenyldlamine, 106, 111 
from S;hydroxy0thylaniIlne, 111. 
from IV^methylanthranllic acid, 118 
21 


6bXY 


Indoxyls from O'niti'oacetophenones, 136. 

from o-nitrophenacyl halides, 137. 
o . o-mtrotolanes, 124, 136. 
fl . 2-IudoxyIdnnamic add, 118. 

Indoxylio adds from anthranillo adds, 114, 118 
from arylglyclne-a-oarboxylio adds, 114, 
from p-hy'droxyethylantlnanilio add. 118, 
from o-mtrobenzoylacetic add, 136. 
from o-nitrobenzylmalonio esters, 127 
‘'-“i^’^oplienylpropiolio add, 128. 

111- 

Isatio acid -|- dinitriles for quinolines, 391. 

,eto. for quinolines, 286. 
isatins — antliracridones, 376. 
from anthroxanalddiyde, 136. 
from anthroxanlo acid, 134. 

—>• a carbostyril, 220. 

froSchffoTcetifad^^^^^^ 

+ dinltriles, 208, 291. ’ 
from dlhydroxyquinollnes, 146. 
from glyoxylic acid, 141. 

■H^'ludigos^’sT^^ tetrahydroacridlnes, 372. 
from indigos, 80. 

-b malonic acid for carbostyrlls, 288. 
from mesoxalio ester, 138. 

f'™;ethylphthaliminoaoetio ester, 136. 

methyltetrophans, 873. 
from o-nitroaldehydes -|- acetone, 136. 
from o-nltrobenzoylformic acid, 136. 
pom o-nitrobenzylmalonio esters, 127 
from o-nitromandelic acid, 183, 
from o-nitropheuylaoetio acid, 131. 
from a-nlteotetralin, 136. 
from oxalyl chloride arylamines* 101 

from oxanllides, 100. lui. 

p-om phenyloxamlo ostor, 100. 

from thiocarbanilidcs, 102, 

-See also Tetraliydroisatins. 

Isatogen, 124. 

Isatogenio ester, 124. 
f-ItaconanlHo adds, 41. 


J-AOID — a carbazole, 171. 

JuloltdmivSesfssr'' » dinaphthacridine, 341. 

illdines. 380. 


julolldines, 380, 

Julolines, 389. 

oxidation to quinolines, 306. 


K. 

Kbtazines — pyrroles, 80. 
lietens 2 : 4-dIketopyridines, 226. 

7> trlmothyleneimines, 24. 
y-Keto-aclds, oximes of, — ^ succinimides, 62. 
y-Kop-aldehydes — >- pyrroles, 36. 
y-Keto-amides — > a-pyridones, 216. 
^rKeto-este^^aWehyde-nmmonias for dihydropyridlnes, 227. 
-> quinolines, 267, 

-t- oyanacetio esters for glutaconimides, 208, 
o ^<=foaodic ester, Oxalacutio ester etc. 

+ ““““ *» “ 

-I- ammonia etc. lor triacetonamines, 223. 

-h ammonia etc. (lliehm’s method), 226. y 
Jvetones -|- cyanacotamide lor glutariinidos, 203. 

TTni-^t cyanacetic estp amines for glutaconimides, 202 
Ketones ^nsaturated) -f- hydroxylamine for pyridiues, 234. 

i>^’^hmSmsf26T'^“°^® *®^“^yd-roquinollnes, 279 
Ketone anils — > quinolines, 2G3. 

Knorr’s oai-bostyril synthesis, 268, 270. 

Knorr s pyrrole syntliesis, 70. 

extension to indoles, 107. 

Kynurenic acids, 207. 
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L. 


DAOTIO ACID + aniline, 99, 253. 

Lactio methyl ketones — > indigos, 126. 

— >■ quinolines, 280. 
v-Laotones -> pyrrolidones, 68. 

— pyxrolones, 69. 

Laudanine, 311. 

Laudanosine, 311. 

Leevullc ester -1- KON + amines, 42. 

Lilole derivatives, 387. 

LiloUdiies, 387, 388. 

Lutidone from dte-oetylacetone, 212. 

from dehydracetio acid, 188, 190, 212. 
from aoetoaoetio ester, 189. 


M. 


Maobnta by-product, 348. . 

Maleic anhydride (dibromo-)— mdigo, 112. 

Maleihimides, 49, 65. 

from isooxazoles, 79. 

reduction of, 53.- , 

Malonanllio acids -> quinolines, 271. 

Malonate (sodium) 5-phenylwooxazole mettosulphate, 238. 
Halonio acid + isatin for carbostyrils, 288. ^ 

Malonio ester + aoetylaoetonamme for a pyridme, 23i. 

4 - a-aminocrotonic ester for a pyridme, 233. 

4 - 8 -aminocrotonio ester for trlhydroxyquinaldme, 306. 

-(- aromatic chloro-imides for quinolines, 271. 

+ dnnamic amides, 198. 

4- diohloromethylaraine for a pyridme, 233. 

4- indolines for lilolidines, 387. ^ , , -i- „ 

substitution for acetoacetic ester in the Hantzsch pyridme 
synthesis, 231 . . , . „ o 

4 - tetrahydroqulnoline for dikctojulolidine, 389. 

Malononitrile, see Methylene dicyanide. 

Maitol ethers — »■ Y-Pyridones, 190. 

MesityUc acid, 61. _ . 

Mesosalio ester + arylammes for isatas, 138. 

4 tetrahydroquinollneg for lilolidines, 388. 

Meta ring compounds, 400. . ooa <700 

acid — >• p-mtroqumolmes, 288, 289, 293. 
Methenylftiaaoetoacetio ester pyridines, 312. 
Methenyi6waoetylaceto3ie — pyridines, 21w. 
Methenyldiamlnotetraliydropyridme, 236. 

Mothylacetanllide 4 - oxalic ester for a carbostynl, 2 Cd. 

— quinoline, 301. 

1- Methyl-3-aoetylpiperidlne,187. 
iV-Methylanthranilic acid — > indoxyl, llS- 
JV-Methylcarbazole -> phenauthridme, 386. 

Methylene dloyanide 4 henzalacetophenones, 216. 

4 . o-nitrohenzaldehyde, 123. 

Methylene dihalides — ^ acridines, 838-340, 342. , 

MethyleneMidihydroresordnol + ammonia for diketodecahydro- 
aoridine, 347. 

Methylenedi-/3-naphthol -» phenonaphthaoridiues, 341. 

’ ^^toyl^ctoh^mn^-Taryli’^ene-acetophenonea for tetrahydro- 
quinolines, 279. 

2- Methylindole — > quinoline, 301, 303, 304. 

3 - Methylindole, see Scatole. mo 

1-Methylindoline from p-bromoethylmeUiylamlme, 108. 

3 - Methylcyclopentanon0-6-carboxylio acid —>■ a carbostynl, -6 

4 - Methylphthaliniinoacetic ester -4- isatin, 136. 

Methyltetrophans, 378. 

Methyl-o-toluidine —> Indole, 147. _ 

Michler's ketone 4 m-phenylenediamme for Bheonme, 

Mucio add -> pyrroles, 61. 

Muoobromamlde pyrrolenone, 37. 

Mucobromio acid osdme — dibromomaleinuuiue, Ow. 


Naphthocarbostyrils, 370. , , 

SK§S.TiSr 5 ":'» 6 r,. 7 , se,, 7 .». «c. 

oxidation to pyridines, 241. 
oxidation to quinolines, 305. 

Naphthiwquinolines, 313, 316. 

Naphthoxindoles, 113, 132, 139, 140. , 

Naphthylhydrazines, action of bisulphite on, 171. 

Nicotine from metanicotine, 68 . 

Nine-membered ring compounds, 401. 

Nitriles 4 phthalic adds, 157. 

Nitrile-esters, wc Oyano-esters. , 
o-Nitroacetophenones_ — > indoxyls, 136. 
c-Nitroarylpyruvio adds indoles, 129. 
o-Nitrobenzalacetone etc. -> quinolmes, 278. 
o-Nitrobenzaldehydes -t- acetone for mdigos, 126. 

-i- acetone for quinolines, 278, 280. 

4 - acetonitriles for amlnoquinolines, 383. 

+ methylene dicyanide, 123. , , . 

-f- proplonaJdehyde for jS-methylqmnoline, 281. 
o-Nltrobenzaloxindole ymquindoline, 383. 
o-Nitrobenzalmalonic acid — > carbostyws, 275. 
o-Niti-obenzalpyruvic acid a quinolme, 279. . 

Nitrobenzene, action of sunlight on alcoholic solution of, 284. 
o-Nitrobenzoylacetio acid indigo, 137. _ fn a 

o-Nitrobenzoylacetoaeetic ester phenylhydrazme, reduction to a 
carbostyril, 275. 

- 4 - a quinoline, 280. _ 

o-Nitrobenzoylacetone etc. -4- qumolines, -80. 905 

o-Nitrobenzoylcyanoacetio ester —4 2-ammo-4-hydro^qumolmes, 283. 
o-Nitrobenzoylmalonio esters —4 dihydroxyqumolmes, 277. 
a : o-Nitrobenzoylpropionio acid — 4_a dibydroxyqumoime, 277. 
o-Nitrobenzylacetoacetic esters — 4 indoles, 127. 

—4 quinolmes, 280. 

o-Nitrobenzylacetones — 4_ quinolmes, 280. 

— 4 tetrahydroquinolines, 278. 

o-Nitrobenzyl chloride 4 benzene for aoridone and acridine, 350. 

napbthols or naphthylamines for pbenonaphthaoridines, 345. 
o-Nitrobenzyl ketones —4 indoles, 138. 
o-Nitrobenzylmalonic esters —4 dibydro^rbostyrils, 376. 

— 4 indoles, indoxylic acids and Isatms, 127. 
o-Nitrocinnamic acids —4' carbostyrils, 273, 375. 

—4 indigo, 137. 

—4 indole, 132._ . , 

o-Nitrocinnamic amide —4 indole, 131. ... 

o-Nitrocbmamybdene-acetone —4 a-acetonylqmnoJUie, 2»/. 
o-Nitro-j>-oyanoslBbene, action of light on, 125. 

o-Nitrodiphenylmelbanes -4 dihydroacridmes, 348, 349. 
Nitromalonio aldehyde 4 /3-aminopropiophenone, 84. 
o-Nitromandelic acids '~4 dioxtodoles, 133. 
o-Nitromondelic nitrile —4 isatin, 134. 

3 -Nitro- 2 -me’tboxycinnamaldehyde —4 8 -nitroquinolme, 279. 
o-Nitrophenacyl halides -4 Indoxyl, 137. 
o-Nitropbenylacetio acids —4 oxbidoles, 131. 

Nitrophenyl-lactic methyl ketone, 126 . 
o-Nitrophenylnitrometbane —4 indigo, 126. 


o-Nitrophenyloxyacrylic acid -4 indigo, 187. 
3-Nitro-4-isopropeuylbenzoic £ 




N. 


NaphthacridinKS, see Phenonapbthacridines, Dinaplitbacridincs. 
Naphtbalenetetracarboxylic acid from pyrene, 393. 

--4 di-imide, 393. _ _ ^ 

periNaphtlialio acid — 4 imide, 393. 
neriNaphthalimides, 393. 

naphthastj^l, 180. . 

Naphtbantbridtnes from ohiTsenequmoue, 383. 

S-Naphthaqumone —4 fsooarbostyrii, 323. 

Naphthastyril, 180. _ 

- 4 - ycrinaphtbindigo, 393. 

^^a^thindole^derivatives, 97, 90, 101, 103, 104, 113, 115, 117, 130, 
132, 137, 139, 140. 

Napbtliindoxyl, 137. 

Napbthisatins, 130, 139, 140. . 1 -., o 

Napbthocarbazoles, 166, 167, 170-2, 175, 177-9. 


3- Nitro-4-isopropeuylbenzolc acid —4 mdole, 123. 
o-Nitrophenylpropiolio acid -4 dihydroxyqulnoline, 277. 

—4 indoxylic acid, 123. .... 

o-Nitrophenylpropiolicester— 4isatm,124. . , 

)B : o-Nitropbenylpropionic acids — 4 dihydrocarbostyrils, 275. 
o-Nitropbenylpyruvic acids —4 indoles, 139. 
o-Nitrosafrole —4 a quinolme, 302. 
i^oNitrosoketones —4 pyrroles, 70, 74. 

S-Nitroso-l-naphUiol — 4 an fsooxime, 399. 
o-Nitrosiilbene dicbloride, action of light on, 124. 
o-Nitrostyrenes —4 Indoles, 121. 
o-NitrostjTryl ketones —4 quinolines, 278. 
a-Nitrotetralin —4 isatm-4-carboxylic acid, 136 . 
o-Nitrotolane, action of light on, 124. 

4- Nitro-?n-xylene —4 6-methyloxmdole, 131. 
Nonomethyleneimines, 401. 


H 


0 . 


OCTOMETHYLBKEIlIINIiS, 401 . 

Opiammon, 154. . 

Opianio acid, reaction with ammonia, 164. 

reaction with hydroxy lamine, 158. 

Opianio ester -f hlppurio acid for an fsocarbostynl, 320. 
Oxalic ester -|- a-acetylpyrrole for a pyrropyrldine, 234. 

-f- methylacetanilidc lor a carbostyril, 265, 

OxaUmide, 19. , , ^ n-c 

Oxalacetio ester -t- p-anisidine for a carbostynl, 265. 

-t- arylamines + aldehydes for naphtboqumolmes, 264. . 
+ cbloroacetone -1- ammonia, 197. 

—4 2 : 3-dihydroxypyridines, 197. 

-r4 dikotopyrrolidines, 44. 

Oialyl chloride —4 isatins, 101. 
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Oxanilldes -> isalins, 100. '■ 

Oximes — > isoo^diaes, 235, 303, 385, 397, 399, 400. 

Oximes of saturated ketones — >• dihydrotsoquinolines, 318 
unsaturated ketones — >• pyridines, 234. 

„ ,« — > fwquinoiines, 317. 

fwOximes from anthraqulnone oxime, 399. 
from cyctohexanone oximes, 397. 
from hydrindone oximes, 303. 
from jS-nitroso-a-naphttiol, 399. 
from nitrosophenol, 397. 
from cycZopentanone oximes, 235. 
from phenanthraquinone oxime, 399 
from suberone oxime, 400. 

Oxindolesfrom acid hydrazides, 93, 98. 
from chloroacetylarylamines, 108. 
from glyoxal bisulphite, 112. 
by Hinsberg’s method, 112. 
from o-nitrophenylacetio acids, 131. 
by StoUfi’s method, 108. 

from tribhloroacetyl chloride + arylamines, 102. 


PAAii-KNOEB pyrrole synthesis, 22. 

Papaverine, 311, 313. 

Paraconiine, 217, 219. 

Paramide, 164, 167. 

Para ring compounds, 1C3. 

Parvolines, 217, 219. 

Pellotine, 811, 

Pfltzinger quinoline synthesis, 280. 

Phenaoylamines + acids for fsoquinolines, 312. 

— >• pyrroles, 35. 

Phenacylanthranilio acid + acetic anhydride, 118. 

o-Phenaoylbenzoio acid -^.diphenylMooarbostyril, 823. 

Phenaoyl halides — > indole's, 104. 

Phenanthraoridine, 340, 340. 

Phenanthraquinone + /3-amlnocrotonic ester, 108. 

— »• phenanthridone, 383. 

— >• phenanthridine, 383. 

Phenauthridinesfrom acyl-o-aminodiphenyls, 384. 
from benzalanlllnes, 385. 
from diphenyl-o-carboxy lie acid, 383. 
from fluorenone, 383. 
from IV-mothylcarbazole, 386. 
from o-phenylbenzaldoxime, 385. 
see also Totrahydrophenantlmdlnes. 

Phenanthr-idones from o-aminobenzoylalkylanilines, 38C. 
from o-aminodiphenyl, 384. 
from o-aminodiphenyl-o'-carboxyllc acid, 382. 
from 6-aminofluoronone, 383. 
from benzanilide, 386. 

■ from diphenic acid, 383. 

from fluorenone-6-oarhoxyllo acid, 383. 
from fluorenone oxime, 385. 
from phenanthraquinone, 383. 

-> phenanthridine, 383. 

Phenantlmacarb azoles, 172. 

■ Phenanthroline, 246. 

Phenolphthalein + hydroxylamlne, 163. 

Phenonaphthaoridinos, 340—343, 345, 362, 364, 357, 373, 378, 379. 
Phenonaphthacridones, 844, 346, 362 — 4. 
Phenylaminodibenzoylmethane —> indoles, 106. 

0- Phenylbenzaldoxime — phenanthridine, 385. 
2-Phenyl-6-oyano-8-lndolenone oxide, 123. 

Phenyldioarbylamine, 19, 20. 

«i-Phenylenediamine, see ??i-I)lamines. 

/3-Phonylethylamines + acids for dihydrowoquinolines, 309. 

.+ aldehydes for tetrahydrotwquinolines, 316. 
fl-Phenylethylurethane, attempted conversion into iiooarbostyril, 319. 
Phenylglyoines —>• Indigos, 109. 

Phenylglyoine-o-carboxylic acid —> indigo, 114. 

1- Phenylhydantoin — ^ Indigo, 112. 

Phenylliydroxylamine + glycerol + H.SO^, 247. 

+ hydroxymethylcnedesoxybeuzom, 81. 

4 - a-imsaturated aldehydes, 264. 

Phenyliminodlacetio ester + oxalic ester, 84. 
iV-Phen3dlsatla — an acridine, 378. 

2- Phenylisatogens, 124, 126. 

l-Phenyl'3-methyl-5-o-nitrophenylpyrazole-4-carboxyIic ester — > a 
carbostyril, 276. 

Phenyloxamio ester — > isatin, 100. 

Phenylisooxazole methosulphate, 78. 

-> 2 : C-dihydroxypyridine, 238. 

-> a pyrrole, 37, 78. 

Phenylpropiolio ester + acid amides, 81. 

Phenylthio-oxamide — > isatin, 101. 

Phenyl-o-tolylamihe, see o-Tolylanlllne. 

Phlorogluoinol + anthranilic acid for aoridones, 269. 


Phonopyrrolecarboxylio acids, 74. 

Phorone — > trlacetonamine, 209. 

Phosphine, 348. 

Phthalaldehydio acid, see c-Aldehydohenzoio acid. 

Phthalamic acids phthallmides, 166. 

Phthalazines — » dihydroMoindoles, 163. 

— >• methylisoindole, 102. 

— >• phthalimidines, 162. 

Phtlialazones — >• phthalimidines, 162. 

Phthalic anhydride + «j-diamlnes etc. for acridines, 844. 

— ^ phthalimide, 154. 

+ 2 : 3 : 4-trisubstituted pyrroles for fioqulnolines, 338. 
Phthalides -^phthalimidines, 182. 

Phthalide-acetic add — ^ elght-membered ring compound, 401. 

Phthallmides — >■ Indigo, 114. 
preparation, 152. 

Phthalimidines from o-cyanobenzylamines, 162. 
from phthalazines, 162. 
from phthalides, 152. 

o-Phthaliminobenzoyloyanacetio ester — >• 2 ; 4-dihydroxytetoa- 
hydroquinoime, 278. 

2-ammo-4-hydroxyquinoliae, 283. 

o-Phthaliminobenzoylmalonlc ester — >• a tetrahvdroqnlnoline. 301. 

Phthalonic acids, 325. ^ 

Phthalyl-a-amino-acids — fsacarhostyrUs, 327. 

Phthalylglycme ester — > an fwcarbostyril, 327. 

fl-Piconne, 22, 220, 240. 

Picryl chloride + o-amluotriarylmethanes for dihydroacridines, 380. 
Piperidlnesfrom e-amino-alcohols, 187. 
from e-amino-halides, 185. 
from e-dlamtnes, 184. 
from e-dflialidcs, 186. 

— ^ pyrroMincs, 86. 
from ketens, 226. 

Piperidines (2 ; 6-diketo-), see Glutarimides. 

a-Plperidones f rom S-amino-acids, 195. 
from S-amino-amides, 186. 
from S-diloro-amides, 186. 
from cyanacetic ester + dijeetonaroines, 225. 
from oximes of cyclic ketones, 236. 

y-Plperidone, 287. 

•y-PIperidones from acetone etc. + ammonia, 222. 

from acetonedicarhoxylic ester + benzaldehyde amines, 209. 

from benzalaniline + ketones, 209. 

from benzatmesityl oxide, 210. 

from diaoetonamhies, 222, 223. 

from phorone, 209. 

from 6-unsaturated amines, 209. 

Polynuclear pyridine derivatives, 390. 

Proline, 63, 64, 66. 

cj/cIoPropanedicarhoxylic hnides, 61, 54, 203. 

isoPropyl-o-aminobenzyl alcohol — > dimeaylindoline, 120. 

Pyridanthrones, 238. 

Pyriclazines — »• pyrroles and pyrrolidines, 86. 

Pyridines from acetamide + glycerol, 220. 

from acetoaoetic ester + ammonium formate, 233. 
from agptyl-j3-amiaoaci'Otonic ester, 237. 
aoylpyru vie esters, 231. 
from aldehyde-ammonias, 217. 
from amides -)- ketones, 222. 
from jS-aminocrotonic ester, 208, 227, 231-3, 237. 
from 3-chloro-l : 2-diketocyciopentane, 185. 
from cyanacetic esters, 197, 199, 201. 
from cyanacetyl chloride, 326. 
from dicyanoglutarimides, 203. 
from S-diketones, 210. 
from dinitriles, 205. 
from glycerol, 220. 
j^b’y,Hantzsch’s method, 227. 
fi’pm hexamethylenelmine, 22, 240, 
from /s-hydroxyglutaramide, 186. 
introductory, 182. 

■ from 8-keto-esters -t- aldehyde-ammonias, 227 
• from ketones -f ammonia, 225. 
from malonic ester -f dichloromethylamine, 232. 
from methenyl derivatives of /3-diketones etc., 211. 
by oxidation of quinolines, 241. 
from phenylisooxazole methosulphate, 238. 
by pyrogenous methods, 242. 

pyrroles, 86, 
from pyrroles, 239, 
from pyrylium salts, 189, 191. 
from trimethylenCdiamine, 240. 
from misaturated oximes, 234. 

Pyridines (3 : 0-dihydtaa^, see Glutaconlmides. 

Pyridonation In the anthraqulnone series, 238. 

a-’Pyrldones from acetoacetio ester, 189, 206. 
from /3-aininocrotonic ester, 189. 
from anilidopyrotartario acid, 197. 
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a-Pyrldonea from oyanaoefcio ester + yj-dlketones + amines, 233.. 
from dlnitriles, 206. i . 

^2^6 esters + cyanacetamide, 

from y-keto-amides, 216, 
from a-pyrones, 188, 190. 
see also Dlkydropyridones. 

y-Pyrldonea from pyromeoonio add deriyatives, 188, 190. 
from y-pyrones, 188, 190. 
from a: y : e-triketones, 212. 

Pyromeoonio acid — > 1:2: 3-triliydroxy-4-pyridone, 188, 190w 
. -> y-pyridones, 188, 190. 

'•^Pyromeoonio ethers — ^ y-pyridones, 190. 
a-Pyrones a-pyrldones, 189, 190. 
y-Pyrones y-pyridones, 188, 190. 

Pyro-oxymeconic add — > y-pyridone, 190. 

Pyrrindole deriyatiye, 107. 

Pyrrolanthrones, 180. 

Pyrrolenonesfrom y-aldehyde-amlnes, 37. 

Pyrroles from y-ammoaoetals, 36, 
from y-aminoaldehydes, 36, 37. 
from j3-aminocrotonic ester, 76. 
from a-amiuoketones, 77. 
from a-amlnoketones -t- keto-esters etc., 70. 
from y-amlnoketones, 29, 34. 
from ammonia -f- acetylene, 88. 
toom arylhydrazones of aoetonylaoetona, 34. 
from ohloroacetone koto-esters 4- anoines, 37 
from diamlnodlphenio add, 30, 
from y-dlketones, 28. 
by Etantesoh’s method, 37. 
from hydrazones of y-dlketones, 34, 

Indoles, 143. 
introdnotory, 28. 
from ketazlnes, 80, 
from y-ketoaldehydes, 36. 
from’ y-keto-amides, 37. ■ 
by Knorr’s method, 70. 
from Imyolio aldehyde, 36. 
from methylallylamine, 88, 
from mndc add or saccharic add, 61. 
from nitromalonio aldehyde, 84. 
from isonitrosoketones + keto-esters etc., 70. 
by Paal and Knbrr’s method, 28. 
from secondary phenacylamines, 35. 
from phenyMmoxazole methosulphate, 37. 

•f phthalic anhydride, 328. 
from pyridazines, 85, 
pyndlnes, 239, 
frompyridlnes, 86, 
by pyrogenous methods, 88. 
by Strooker’s amlno-add synthesis, 34, 
from unsatnrated ketones -f. nltromethanes. 36. 

Pyrrolidines from y-amlno-alcohols, 60. 
from y-amino-aldehydes, 36. 
from fi-amlno-halides, 63, 
from y-amino-nitrlles, 70. 
from IV^-bromobutylamlnes, 68. 
from fi-diamines, 62, 
from 6-dihalides, 65, 
from piperidines, 86. 
fromp-tolylpyridazine, 86. 
«eeaf»oDlketo-andTrIketo-pyrrolidines. 

Pyrrolidones from y-amlno-aclds, 39. 
from chloral hydrate -f K017, 83. 
from y-lactones, 58. 

from Ifflyulio ester -f KOH -|- amines, 42. 
from y-unsaturated adds, 69. 

Pyrrollnes from y-ammo-aldehydes, 36, 
from y-aminoketones, 34. 
from benzyl-/9-amInopropIonacetal, 86. 
from a : S-dihalides, 66. 
from hydroxymethyleuedesoxybenzoin. 81. 
from pyridines, 86. 

from unsaturated ketones + nltromethane. 36 

Pyrrolonesfrom aoyl-a-aminoketones, 82. . 

from 6-amlaohalides, 63. 

from «-aminoketones, 72. 

from dibenzoylstyrene, 69, 

from dlnitriles + a-hydroxy-aoids, 77. 

from y-keto-esters, 31, 38. 

from y-laotones, 69. 

Pyrropiperidine (triketo-), 234. 

Pyra-Tio acid + arylamlnes + aldehydes, 43 256 
uyltonio acid, 220, ’ 

Pyruvic ester -|- arylamlnes, 267. 

• -f o-toluidine for hydroxyquinaldine, 300 
-> pyridines, 221. , v. 

Pyrilium salts •-> pyi'ldlnes, 189, 191, 


QxmrAORiDrroi, 859, 367, ses. 

Quinaldines from acetanilide and acetophenone. 273, 
fiom acetanthranil, 294. 
from rfniliue + acetylene -f- HaSO^, 264. 
from arylaminocrotonio esters, 267, 269. 
by DObner-Miller synthesis, 251. 
from ethylacetanillde, 301. 
from malonlc ester -f /3-aminoerotonic ester, 306. 

, from o-nltrobenzalaeetones, 278. 

»«.Quinatoxine, synthesis of a, 68. 

. Quindoline, 133, 

pmQuindoline, 282, 

Quindoline-5-carboxylio acid, 288. 

Qutoizmin, oxidation and conversion into an anthrapyrldine, 892 

Quinolmesfrom acetanilide, 299. uiuc, 

from aoetanthranil, 294. 
from acetoacetic anilides, 207, 269. 
from acetophenone oxime, 300. 
from acetylanthranilic acid, 294, 298, 
from acetylene -f- ammonia, 307. 
from aoetylethylanillne, 301. 
from acridines, 306. 
from acylanilines + acetophenone, 273. 
from acylisatlns, 290, 298. 
from allylanlUne, 306. 

from o-aminoaoetophenone -)- dinitriles, 291. 
from o-amlnoacetophenone -)- formic acid, 29 
from o-amlnobenzaldehydes, 282, 283, 291. 
from o-aminobenzophenone, 284. 
from o-amlnobenzoyloyanoaoetic ester, 278, 283. 
from ^-aminocrotonio eater -)- malonlc ester, 806, 
from o-aminophenylpropiolic acid, 277. 
from /S-o-aminophenylpropionitrlles, 282. 
from anthranilio acid + acetic acid, 294, 
from an'thranlllc acid -}- aldehydes, 292. 
from anthranilio acids •+• aliphatic esters, 294. 

* from anthranllic acids -f- S-keto-esters, 293. 
from anthranilio acids -f- ketones, 293, 
from anthranilio adds -f methazonio acid, 292, 
from arylamlnes -|- aldehydes, 261. 
from arylamines -|- aldehydes -|- ketones, 262. 
from arylamines -f- aldehydes + pyrn-vlc add, 266, 
from arylammes -f- chlorodiethyl ketone, 266. 
from arylamlnes -f glycerol, 245. 
from arylamines -j- S-keto-estera, 267. 
from arylamlnes -|- ketones, 263. 
from henzoyltetrahydrooarhazole, 302. 
by Beyer’s method, 262. 
by Camp’s method, 297. 
from ^-chlorodiethyl ketone, 266, 
from diohlorohydrm, 272. 
from ^-dlketones, 267, 269. 
from dinitriles, 291, 
by DObner’s method, 256. 
by D6bner and v. Miller’s metliod, 261. 
by Priediander’s method, 283. 

indigo, 146. 

— Indoles, 146. 

introductory, 243. 

from Isatic add, 286, 291. 

from julolines, 306. 

from ketone anils, 263. 

by Knorr’s method, 268, 270. 

from " lactic methyl ketones," 280. 

from malonanllic adds, 271, 

from malonlc ester -)- ohloro-imides, 271. 

from methylacetonilide, 265, 301. 

from 2-methyIindole, 801, 303, 304. 

from naphthoquinolines, 806. 

from B-o-nitroarylated ketones, 278. 

from o-niteobenzalacetophenones, 278. 

from o-nitrobenzaldeliydes -|- acetones, 278, 280 

from o-nitrobenzaldehyde -f acetonitriles, 282 

from o-nitrobenzaldehyde -|- aralkyl cyanides, '282 

from o-nitrobenzoylacetoacetic ester, 281. 

from o-nitrobenzoylacetones, 281. 

from o-nitrobenzojdcyanacetio ester, 283. 

from o-nitrobenzoylmalonic esters, 277. 

from o-nitrobenzoylpropionic ester, 277, 

from o-nitrobenzylaoetoaeetie esters, 280. 

from o-nitrobenzylacetones, 278. 

from o-nitrodnnamylidene-acetone, 282. 

from 3-nitro-2-methoxydnnamaldehyde, 279 

from o-nitrophenylpropiolic arid, 277. 

from o-nitrostyryl ketones, 278. 

from oxalaoetic eater, 264. 

by Pfitzinger’s method, 286. 


SUBJECT INDEX 


421 


Quinolines from sflienylliydroxylaintoe, 247, S54. 
pyridines;241. 
by pyrogenous methods, 806.' 
by Rlehm’s method, 263. 

by Skraup's method, 243. w 

from o-toluidine + glyoxal, 300. * ‘ 

from o-toluidine -f oxalic acid, 300. 
from o-toluidines + pyruvic ester, 300, 
from unsaturated ketones, 266. 

_ see also Di- and Tetra-hydrocjuinolhies. 

Qumolme-4-carboxylic acid, see Oinchoninic acid. 

iMQuiuolines from a-aminoacetals + aldehydes or ketones, 338 * 

from o-/3-aminoethylaryI ketones, 319, 
from benzalethylamine, 331. 
from benzylaminoacetaldehyde, 330. 
from hippuric acid + POIj, 331. 
introductory, 308. 
from iV^-methylfioindolinone, 331. 
from phenacylamines, 309. 
by pyrogenous methods, 331. 
from unsaturated oximes, 317. 

Quinolinic methyl acid ester + phenyl magnesium bromide for 
diphenylanthrapyridine, 301. 

Quinolinic anhydride -|- benzene for an anthrapyridine, 391. 

B, 


• Mocarbostyrils, 324. 


a-BlSOROSLIO iOID 
Bheonine, 352. 

Blehm’s quinoline synthesis, 263 . 

Bing compounds with three members, 17. 

„ four „ 22, 

„ seven „ 394-400. 

„ eight „ 400. 

„ nine „ 401. 

•) ten „ 401. 

„ eleven „ 402. 


S. 

SABANUDV’S base, 10. 

Sacdhario acid — pyrroles, 61, 

Salicylaldehyde + aniline for acridine, 367. 

Salioylanllides — > aorldones, 339. 

Sandmeyerisatin syntheses, 103, 103. 

Soatole from aniline -l- glycerol, 107, 

• SchlH’s bases + ketens for dlketoplperldlnes, 220, 
for trimethylenoimines, 24. 

Seven-membered ring compounds, 394-400, 

-> fsocarbostyrils, 824. 

Skraup reaction, 245. 

Spiro compounds : — 

6ijdlhydrooarbost3n'ils, 270. 
dihydrpcarbostyril-hydrindone, 803. 
dihydroiioindole-plperidine, 150. 
ftwdihydrowoindolo, 150, 161. 
dlhydropyrldlne-oxindole, 208. 
Indoxyl-ej/cZopentane, 146. 
if,«plperldine, 188, 
pyrrolidine-piperidine, 05, CC, 188. 
piperidlne-trimethyleuimlne, 24. 
iwtetrahydroquinoline derivative, 280. 

Styryl methyl ketone, see Benzalacetone. 

Suberone oxime — >■ tooxime, 400, 

Sueoinimides, prepai’atlon of, 47. 
reduction of, 62, 

Succinosuccinio ester -f amiuoacotone, 107. 


Tetrahydrohomoquinoline, 398. 

Tetrahydroisatins from cycZohexanones, 143. 
Tetrahydrophenanthridines, 387, 

Tetraliydropyridines from yS-aminodiproplonacetal, 237. 
from 5-aminoketones, 213. . 

from S-bromoketones, 214. 

Tetrahydropyrroles, Wfi'Pyrrolidines. 

Tetrahydroquinolinesfrom arylamines + trimethylene chlorobromide, 

from dlphenylamine -f epichlorohydrin, 273. 
irom formanilide -{- dlchlorohydria, 272* 
from o-nitrobenzylacetones, 278 • ' 

—>• indoles, 145. 

—>■ julole derivatives, 389. 

— >■ lilolidines, 3 8 7 . 

n J^?”i°"P'^thalImlnobenzoylmalonlc ester, 301. 
Ba-Tetrahydroquinolines, 279. 

Tetrahydrowoquinolines from ^-aryletliylamines, 316 317 ’ 
from homoxylylenediamine, 312. ’ 

from homoxylylene dibromide, 321. 

TSpKShyT-xTfr®*®'' ‘'®^’*^“-®“‘J“iydrocarboatyril, 276. 
Tliiooarbanllides Isatin’s, 103. 

Thiodiphenylamines — >■ oarbazoles, 16C 
Thorpe’s method for glutarimides, 303. 

Three-membered ring compounds, 17, 
o-Toluidines — quinolines, 300. 

— Indoles, 119. 

^ • V-^ichlorobutane for trimothylacridine. 338. 
o-Tolylanilmes -> acridines, 378. ’ 

o-Tolyiaziminobenzene -> acridine, 881. 

acridines, 333, 342, 344. SSS 366-8 qvs 370 
^ chrysidines, 379, ’ t > • 

o^olyloxamlo acid — dlhydroxy quinoline, 300. 

Maeetlo lactone — > dihydroxypyridines, 188 
Triacetonamlnes, 209, 222, ^ 

— V a pyrrolinc, 86. 

Triazoles — dimethyleneimines, 20. 

^idiloroacetyl chloride — dichloro-oxlndoles, 102. 
anchloroethylene — ^ aniline, 19, 20. 

Trlhydroxypyridtaes from cyanacetic esters, 199. 

meOrylphthalimide, 166. 

Trlletop^Sta^ 78!^'^’ ' 7-climettoxyf.oquinolme, 326. 
Triketopyrropipcridlne, 234. 

Trimethylene ohlorobromide — julolidlne, 389 
lilolidines, 388. 

~^tetrahydroquiaolines, 372. 

TOmethylenediamine -> /S-picoline, 22, 240. 

Trimetliyleneimines from y-amlnopropyl halides, 23. 
from dlacetonamine, 23. 
from diacetylcapronic ester, 26. 
from y-diamines, 22. 
from glutavonitrile, 26. 
from ketens, 24. 
spfro-derivative, 24. 

2:4 ; 6-trinitrochlorobenzeiie, see Plcryl chloride. 

Tripyrrole — =>- indole, 144. 

Troplnone, 236, 237. 

Tryptophan, 315. 

Tyramlne — ^ a tetrahydroi'^squinolfaie, 316. 

Tyrosine— a tetraliydroj^oquinoline, 315. 


17 . 


T. 

Thn-membured mnq compounds, 401. 

Terrisse and Darier’s method for acridines, 338. 

Tetra-amlnodiarylmethanes — > acridines, 334-6. 

Tetrabromoethane -f aniline, 19, 20. 

Tetrahydroaoridines from a-acetylcyciohexanones -|- arylamines, 372. 
from o-aminobenzaldeliydo -|- cj/cZohexanone, 368. 
f£,om o-amlnoketouea -i- cycZohexanones, 372. 
from isatin -|- cyclohexanones, 372. 

Tetrnhydroaoridone from anthranllic acid -)- cyclohexanone, 369, 

Tetrahydrocaxbazoles from arylamines -t- 2-chlorocyclohexanone, 167. 
from arylhydrazines -1- cyclohexanones, 168. 

—> oarbazoles, 170. 

— >■ indoles, 144, 145. 

indoxyl derivative, 145. 

. — >■ a quinoline, 302. 

Tetrahydrooarbazolenines, 168, 169. 
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